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GENERAL ARRANGEMENT OF THE ELEMENTS. 437 


For the convenience of description and of reference, the metals 
may be arranged in seven groups in the following order. The 
elements which compose each group generally present some natural 
resemblance, though, as already stated, the classification does not 
in all cases bring together those which, in chemical habitudes, are 
really the most closely allied. Some further remarks upon the 
analogies of the different elements will be offered. when the prin- 
ciples which aid in determining the chemical equivalents are 
explained. 


I. Metals of the Alkalies—3 in number. 


Oxides. 
1. Potassium. . . . . . . Potash © (KO). 
2. Sodium. . . . . . . . Soda (Na0). 
3. Lithium... . . . . Lithia — (LiO). 


II. Metals of the Alkaline Earths—4 in number. 


Oxides. 
1. Barium. . . . . . . « Baryta  (BaO). 
a. Strontium . . . . . . . Strontia (SrO). 
3. Calcium . . . . . . . Lime (CaO). 
4 Magnesium . . . . . . Magnesia (MgO). 

III. Metals of the Earths—1o in number. 

Oxides. 
1. Aluminum. . . . . . . Alumina (Al,0,). 
2. Glucmum . . . . . . . Glucina  (GI,0,). 
3. Zirconium . . . . . . . Zirconia (Zr,0;). 
4 Thorium . . . . . . . Thorina (ThO). 
5. Yttrium... . . . . Yttria (YO). 
6. Erbium. . . . . . . . Enbia. 
7. Terbium . . . . . . . Terbia. 
8. Cerium. 
9. Lantanium. 
10. Didymium. 


IV. Metals more or less analogous to Iron—8 in number. 


1. Zine. 5. Uranium. 
2. Cadmium. 6. Tron. 
3- Cobalt. _ 7. Chromium. 


4- Nickel. 8, Manganese. 
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‘V. Metals which yield Acids—11 in number. 





1. Tin. 7. Tungsten. 
2. Titaniom. 8. Vanadium. 
3. Columbium. g. Antimony. 
4. Niobium. 10. Arsenic. 
5. Ilmenium. 11, Tellurium. 
6. Molybdenum. 

VI. 3 Metals. 
1. Bismuth, 3. Lead. 
2. Copper. 

VII. Noble Metals—o in number. 

1. Mercury. 6. Rhodium. 
2, Silver. 7. Ruthenium. 
3. Gold. 8 Osmium. 
4. Platinum. g. Iridium. 
5. Palladium, 

CHAPTER II. 


THE ATMOSPHERE. 


(284) Compound Nature of the Atmosphere—The chemical re- 
searches of the philosophers of the last century are especially remark- 
able on account of the important information which they afforded 
upon the nature of the atmosphere. Indeed, the knowledge thus 
obtained may be regarded as the starting point of the brilliant 
chemical discoveries which have since succeeded each other with 
such rapidity. 

These researches have abundantly proved that the air is far from 
being, as it was once supposed to be, an elementary body. It has 
been found, on the contrary, to be a mixture of several substances, 
some of which are clementary, others compound. 

The most remarkable and abundant of the constituents of the 
air are the elementary bodies, oxygen and nitrogen; and of its 
compound ingredients aqueous vapour and carbonic acid are the 
most important. 
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The most direct proofs of the compound character of the 
atmosphere are afforded by examining the effects produced in it 
‘by burning bodies. Bodies, as is well known, cannot burn with- 
out the free access of air. On placing a lighted taper under the 
receiver of the nir-pump and exhausting the air, the flame becomes 
extinguished. A limited quantity of air will only support combus- 
tion for a limited period; a Hghted taper floating on water under 
an inverted bell-gluss, the edge of which is plunged beneath the 
water, soon begins to burn dimly, and at length becomes extinct. 
But the taper ceases to burn long before the air is all spent. The 


recciver still contains a large quantity of a gaseous body in which / 
a candle will not burn. ‘The results obtained by burning a candle | 


in a limited portion of air are however rather complicated, because 
the products which are formed by the burning body rise in the 
form of gus, and mix with the remaining portion of air. Tn a form 
of experiment which was devised by Lavoisier during his researches 
upon the atmosphere, he contrived to obviate this inconvenience 
by acting upon the air with a substance which produced a solid 
body as the result of the chemical action, and left the air unmixed 
with any gas which rose from the burning body. The substance 
which he employed to decompose the air was metallic mercury, a 
substance which acts yery slowly, and which does not appear to 
burn in the ordinary sense of the term, The experiment may be 
performed as follows — 

Into the bulb of a flask or retort (a, fig 224), provided with a 





with atmospheric air, ‘The bulk of this portion of air 





eerigcer sesnia of Comeriet: chlorate of p 
Fro, 226, 


water in the pneumatic trough, or it may, if not wanted ’ 
immedinte nse, be stored up in a gus-holder (38). If a jar 
the gas be closed with a glass plate it may readily be inverted, 
at a, fig. 225, and its power of supporting combustion tested by 
taper, as shown at #. The oxygen furnished by chlorate of pot’ 
is perfectly pure, and amounts to more than one-third of the we’ 
of the ralt used; 1 ounce of the crystals should yield about 
cubic inches, or nearly 2 gallons of the gas, Chlorate of pc 
is a compound of chloric acid with potash ; the chloric acid con 

of oxygen and chlorine; the potash, of oxygen and potasai 


























furnished in a state of equal purity 


monia (311). 


§ IIL. Comrosiriox or raz Armosrners. 


(290) Tfa mixture be made of 4 measures of nitrogen m 
measure of oxygen gas, « candle will burn in it as in atmo 
air; it may be breathed as air, and in fact posesses the 
propertics of the air. ‘The atmosphere is in short o i 
‘mixture of several gases, amongst which oxygen and nitrogen © 
stitnte the principal portion, and whieh, notwithstanding 
difference in density, are, owing to the principle of diffusion (6 
uniformly mixed with each other. Chemical operations are con= 
tinually occurring upon the carth’s surface, which remove oxygen 
and add a variety of other gases, amongst which carbonic acid is — 
the most abundant. Yet so beautifully adjusted is the balance of 
chemical actions over the face of the earth, that no perceptible 
change in the composition of the atmosphere has been observed 
tince accurate experiment on the subject has been practised. 

Air which has been freed from carbonic acid and aqueous vapour 
consists, according to the numerous careful analyses of Dumas and 

On an average of 20°81 of oxygen by measure, and 

799 of nitrogen in 100°C0 parts, or by weight of 23°01 of oxygen, 
and 79'19 of nitrogen. These experiments were performed by allow~ 











‘vessel having been filled with water, is allowed slowly to cmpty 
itsclf by opening a stopcock, f, which terminates in a tube 
Dent upwards to prevent the entrance of air at the bottom; 
a known volume of sir is thus drawn through the tube a, 
which retains all the moisture. If the weight of this tube 
be determined before commencing the experiment, and a second. 
time after it is completed, the increase in weight will indicate 
the amount of moisture in the bulk of air operated upon. The 

temperature ix axcertained by menns of the thermometer, f, and 


: the atmospheric pressure is obtained by an observation of the 
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But the most convenient way of procuring hydrogen is by 1 
action of diluted sulphuric acid on zinc, The zine may be 
in an iron Jadle, and poured from the height of a few fret 
pail of cold water, by which means it isgranulated, or reduced, 
grains or flakes: about half an ounce of the granulated xine 
troduced into a retort, and a dilute acid, prepared by mixing an 
ounce of oil of vitriol cautiously with 6 ounces of cold water, stit= 
ring all the while, is poured upon the sine. Hydrogen gas ie 
toon evolved in great abundance: the first portions of gas which 
are contaminated with the air contained in the retort, must be 
allowed to escape; afterwards the gas may be collected in the 
usual way, In this Process the ting takes oxygen from the wate 
‘and forms oxide of zinc, which, though insoluble in water, is 
diately dissolved by the sulphuric acid, forming a salt called sulphate 
of zine, while the hydrogen passes off in the gnseous form. The 
change may be illustrated by the following diagram :— 


Decomposition of Water by Zine and Sulphuric Acid. 
Betore decomposition, Aner 





9=1 eq. tof{1=x1 eq. Hydrogen (H) liberated. 
water (HO.)(8=1 eq. Oxygen (O)—_ 1 eq. sulphate 
32=1 eq. Zine (Zn) > 80! of oxide of zine 


40=1 eq, Sulphuric acid, (SO,)—— ((zno, so,). 


Or in symbols; Zn-+HO, SO, give H+ZnO, SO,. 
An onnce of zine is sufficient to liberate from water about a} 

















PROPERTIES OF HYDROGEN, 405 


gallons of the gas. Scraps of iron may be substituted for zine ; but 
in this case the gnsis leas pure. The gas furnished by the action 
of dilute sulphuric acid on zinc possesses a peculiar odour, and is 
frequently contaminated with small quantities of compounds of 
hydrogen with sulphur, arsenic, and carbon. It may be freed from 
these impurities by causing it to pass first through a strong solu- 
tion of potash, and then through @ solution of corrosive sublimate, 
eae 

Properties.— is an elementary substance, and when 
chteed Sith thee eae mentioned, is a colourless, trans- 
parent, tasteless, and inodorous gas. It has never been 
ead ie: even: lens édlabla da. water that nitrogen: © Hydrogen (a te 
lightest form of matter which is known; it is only a'rth of the 
weight of an equal bulk of oxygen, and little more than 7th of 
that of air, Its specific gravity is o'0592, and 100 cubic inches 
weigh but 214 grins. Owing to its levity, it has been extensively 
used for aerostatic purposes, although the fheility with which coal 
gas can now be obtained has causcd this lntter, notwithstanding 
its much greater density, to be universally substituted for hydrogen 
in filling balloons. A light bag made of the craw of a turkey 
many easily be inflated with hydrogen, and will ascend rapidly, and 
carry with it a weight of several grains. Owing to its lightness, a 
jar may be easily filled with the gus by displace. 
ment without using the pneamatic trough, A Fro, 236. 
tube 8 or ro inches long, is fixed by a cork ina 
three-necked bottle in the manner shown at a, 


after the atmospheric air in the bottle has been 

allowed to escape, may be collected by holding 

4 jar over the tube, as at s. The hydrogen 

will be retained for some minutes even if the 

jar be removed, and be still held in the inverted 

position; while if the mouth be turned upwards, 

the gas will have escaped after the lapse of i 

n few seconds. Hydrogen has a smaller 

equivalent number than any other elementary = 4 

body, and it has hence been taken as the unit 

or standard of comparison. Its equivalent 

number is therefore unity, or 1, and its com- 

bining volume 2, or double that of oxygen: the combining volume 
of a gas being the proportion in bulk in which it enters into com- 











CAVENDISH'S ZUDIOMETER. A6T 


carry into the jar, a. The oxygen and hydrogen are supplied from 
separate gas-holders,not shown in the figure. The water candenss on 
the sides of the jar, and collects in the gutter at the lower part. 
Oxygen and hydrogen may be kept in a state of mixture at the 
ordinary temperature of the air for an unlimited period without 
entering into combination; but the passaze of an electric spark, 
the application of a lighted or even of a glowing match, and, in 
some instances, the mere contact of a cold metallic substance, such 
as platinum, especially if in a finely divided state (62), is sufficient 
to determine their immediate combination, Sndden 
of the gases, when mixed, produces the same effect from the heat 
evolved, whilst a still greater amount of compression, if it be gra- 
dually applied, even when carried to 150 atmospheres, fails to 
Cavendish, in his inquiries respecting the formation of water, 
effected the combination of the two gases by means of the electric 
spark. He employed for 
this purpose a strong Fie, 298. 





forming steam, which condenses on the sides of the glass: the 
whole of the two gases, if mixed in the above proportions, enter 














SYNTHESIS OF WATER—EUDIOMETERS. 469 
below which a column of atmospheric air is safely included ; this 


meter has been contrived by Regnanlt, 

Ifa mixture of oxygen and hydrogen be fired in the air in 
considerable quantity, as when a bladder full is ignited, or still 
better, when a little soapsuds are blown up into a lather by forcing 


steam formed suddenly expands from the high temperature attend- 
ant on the combnstion, and immediately afterwards condenses ; 
great dilatation is first produced, followed by the formation of a 
partial vacuum ; the surrounding air rushes in to fill the void, and 
by the collision of its particles produces the report. If the hydrogen 
be mixed with air, a similar but feebler explosion occurs when a 
light is applied; hence it is especially necessary in all experi- 
ments with hydmgen to allow time for the expulsion of 
a ee setting fire to 


* 








SYNTHESIS OF WATER—OXYHYDROGEN BLowrier. — 4TT 


tube containing a little oil of vitriol, which prevents the entrance 
of extraneous moisture, and by ite motion shows the progress of 
the gas, On weighing the globe, x, with the oxide after the expe- 
riment has terminated, the loss gives the quantity of oxygen which 
has combined with the hydrogen ; whilst the difference between the 
amount of oxygen and that of the water condensed in the receiver, 0, 
and tube of acid, m, shows the quantity of hydrogen that has eom- 
bined with it, Each grain of hydrogen is in this manner proved to 
require exactly 8 grains of oxygen for ita conversion into water, 

Many other metallic oxides besides oxide of copper, when heated 
in a current of hydrogen, part with their oxygen, and are broaght 
back to the metallic condition. Tf the bulb be weighed first when 
empty, then when charged with oxide,and a third time after the strean: 
of gas has been continued till all formation of water ceases, and till 
the tube has become cool, the loss of weight sustained by the oxide 
furnishes the proportion of oxygen combined with the metal. A 
trne and very accurate analysis of the oxide will thus have been 
effected ; 40 parts of oxide of copper are found in this way to con- 
tain 32 of copper and 8 of oxygen. 

Hydrogen in the act of combining with oxygen, emits a very 
intense heat. By throwing a jet of oxygen into a flame of coal- 
gas or of hydrogen, or still better 
by introducing a jet of oxygen, Fro. 241. 
as at o, fig. 241, into the centre of a 
jet connected at # with a gas-holder 
supplying hydrogen, eo that the 
two gases may be mixed just before 
they issue from the common orifice 
of the tube a, a heat may be ob. 
tained which ean scarcely be sur- 
possed. Sometimes the two gases 
ace mixed im the proportion of 2 
volumes of hydrogen to 1 of oxy- 
gen, and introduced into a bladder 
and burned as they issuc through 
a tube of particular construction, con- 
trived by Mr, Hemming. This safety jet consistsof a brass tube,about 
6 inches long and two-thirds of an inch in diameter, filled with 
pieces of very fine brass wire, which are packed closely together, and 
then wedged in very tightly by driving @ stout conical piece of wire 
into the axis of the tube (402). This tube is supplied at one 
extremity with a blowpipe jet, and at the other with a screw 














CARNONIC ACT, 475, 


weigh 47°33 grains, and its specific 
gravity is 1°529. From its density it 
tony easily be collected in dry vessels 


Carbonic acid gas dissolves in 
water to a larger extent than any 
of tho gascs as yet described. At 
the ordinary temperature water takes 
up about two-thirds of ite bulk of 
carbonic acid, and its solubility in- 
creases if the pressure be increased. 
When the compression is suddenly 
removed, the gas escapes with brik effervescence, Advantage ix 
taken of this circumstance in the preparation of soda-water, 
as it is called. For this purpose the water, which may or 
may not contain soda or other substances in solution, is meeha- 
nically charged with a large quantity of carbonic acid gas, 
by the uve of a condensing syringe, attached to a reservoir tilled 
with the gas. The excess of the gaa thus forced into the liquid 
occasions the agreeable briskness and pungency so much prized in 
this beverage. A solution of carbonic acid in water prodnees a 
feeble and fugitive reddening of litmus paper. This solution 
possesses solvent powers which, though in many instances extremely 
focble, are yet far more extensive than those of pure water. By the 
continuous action of water charged with carbonic acid, even granite 
and the hardest rocks are disintegrated, few finely divided minerals 
being able to resist its gradual and long continued action. The 
proportion of gas dissolved is im many imstances very minute, but as 
few natural sources of water exist which are not to 4 greater or less 
extent impregnated with carbonic acid, cither by absorption from 
the atmosphere or from the soil, the solution, insignificant as it 
may at first. sight appear, ix continually proceeding, and in the Japse 
of time it effects changes of great importance and extent. 

The briskness of spring water is partly duc to the carbonic acid 
which it contain; though its usual coolness and the abundance 
of atmospheric air dissolved in it, are still more important, It 
is the absence of these qualities which renders boiled or distilled 
air, from the circumstance of its having been discovered by 
Dr. Black, in 1757, 0 0 solid or fixed constituent in limestone, and 
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‘Carbonic acid constitutes what is termed choke-damp by miners, 
and it often occasions much los of life after the opcurrence of an. 
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losin of etted hydrogen, 
accumulates in the old workings of mines, and in pits or wells, 
ling into them, it is usual to lower a candle in order 
whether the light will burn ; if it docs so, it is generally 
considered safe to venture down. Instances, however, are on record 
in which candle was found burning in an atmosphere which, not- 
withstanding, contained sufficient carbonic acid to cause death, 
When it is necessary to enter into an atmosphere considerably 
charged with this gas, Mr. Graham suggests us a precaution that 
‘the mouth and nostrils be covered with a cloth containing a mix- 
ture of slaked lime and crystallized sulphate of soda. Such a 
‘mixture is porous enough, in a layer of an inch thick, to allow the 
Bee EP faficient ais ec respiration, whilst the moist lime com- 
pletely absorbs the carbonic acid. 
_ Thereis also snother modo in which carbonio acid is vory largely 
‘independent of its importance as a source of the gas, 
1s interesting as throwing light upon its chemical nature. Whenever 
charcoal, or bodies which, like wood, coal, oil, or tallow, contain char- 
coal, are burned either in oxygen or in air, carbonic acid is obtained 
abundantly ; if the gas, after combustion has terminated, be agitated 
with lime water, tho liquid will be immediately rendered milky. 
Carbon may again be extracted from carbonic acid. Tf a small 
piece of potassium, heated till it begins to burn in air, be introduced 
means of a platinum spoon into a jar of dry carbonic acid gas, 
will continue to burn with greater brilliancy. Potash 
owill be farmed at the expense of the oxygen which the gas contains, 
whilst charcoal is liberated, as may be seen in the black particles 
which are suspended in the water into which the spoon is plunged 
after the combustion is complete. ‘Thus carbonic acid, both syn- 
‘thetically and analytically, is shown to be a compound substance, 
‘consisting of charcoal and oxygen, 
‘Mr. Goldsworthy Gurney has turned the property of extinguish- 
‘ing flame possessed by carbonic acid to an important practical 
acconnt, Coal mines, at different times and from various causes, 
are liable to take fire, and from the vast mass of heated matter, 
the conflagration not unfrequently resists all the ordinary means 
aeons SA cars many acres of subterranean fire are thus 
and the workings are of necessity abandoned, Mr. 
in such exes, by the agency of the steam jet, pours into 
the mine a current of impure carbonic acid and nitrogen, ob- 
| tained by forcing a stream of air through » coke furnace into the 
mine, s0 as to fill the entire workings with the gas, aud bas thus 
r12 


— 


in cooling down the ignited mass 60 that‘it should not again burst into 
flame on readmitting the air. In order to effect the necessary rodec- 
tion of the temperature, water was blown in along with the carbonic 
acid in the form ofa fine spray or mist. Subsequently, cold air mixed 
with the spray was blown in, and in a month from the commencement 
of operations the fire was found to be completely extinguished, 

Carbonates —Though but a feeble acid, the carbonic acid unites 
with the metallic protoxides, and forms a numerous and important 
class of salts, which are monobasic; that is, they contain one equi- 
valent of the acid to one equivalent of the base, like carbonate of 
lime (Ca0,CO,). In the case of the alkalies a second equivalent 
of carbonic acid may be combined with the metallic oxide; thus 
with potash there is 2 carbonate (KO,CO,), and a bicarbonate 
(KO, HO, 2 CO,). The carbonates, with the exception of those of the 
alkalies, do not dissolve in water, but many of these insoluble car- 
bonates, and in particular those of lime, magnesia, baryta, and 
strontia, dissolve to some extent in water charged with carbonic acid, 
and are deposited in « erystalline form as the gas slowly escapes 
from the liquid. All the carbonates dissolve with effervescence in 
dilute nitric acid, or even in acetic acid. The gas which comes off is 
colourless, and renders lime water turbid, and posscascs the pro- 
perties of carbonic acid, above described. Solution of subacetate 
of lead is instantly rendered milky by the action of carbonic acid gas 
‘upon it. The alkaline carbonates, when in solution, are also decom~ 
posed by acids with effervescence; they give with salts of lime a 
white precipitate, which is immediately re-dissolved by an acid, with 
effervescence. All the carbonates, with the exception of those of 
potash, soda, and baryta, are decomposed by prolonged ignition, the 
acid being entirely expelled from the salt. The carbonates have 
considerable tendency to combine with each other, and form double 
salts, like dolomite, which is a double carbonate of lime and magnesia 
(MgO, CO,+Ca0, CO,). 
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under the 
in a thin brownish opaque crust. The gem, when freed from this 
costing, is generally colourless ; such specimens are the most prized ; 
it is, however, met with of various tints, the more common of 
which are yellow and various shades of brown. The most famous 
diamond mines are those of Golconda and Buandelcund, in Tndin, 
of Borneo, and of the Brazils. ‘The origin of the diamond is 
entirely unknown; it is not probable that it has been formed by 
ization after fusion, as intense heat reduces the diamond to 
the form of graphite. The circumstances under which diamonds 
are found in nature afford no clue to the process of their formation. 
Tn a solitary instance, in the year 1827, a diamond was found 
imbedded in a fine grained quartzose rock (Ifacolumite) in Brazil, 
but with this exception the gem has been always found to ocear 
scantily in an allovial matrix, consisting chiefly of sandstone and 
rolled quartz pebbles, from which they are extracted by washing and 
careful sorting. 
Diamond is the hardest body known: it can only be cut and 
polished by employing its own powder for the purpose. The fine 
diamond dust used for this object is mixed with a little olive oil 
and spread over a revolving stecl plate, and the diamond, cemented 
into # suitable support, has each of its fuces in turn presented to 
the flat face of the disk* ‘The most important use to which the 
diamond is applied is the cutting of sheets of glass; only the 
natural face of the crystal can be employed for this purpose ; crystals 
with curved faces are the best; they are sct in a convenient handle, 
and a line in the proper direction is traced with the diamond across 
the glass; slight pressure on ech side of the cut, then determines 
the fracture in the right direction. A true cut is effected by such 
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‘The fine-grained 

facture of “lead pencils.” 
obtained they are sawed into thin slices, and these again into small 
rectangular prisms, which are placed im cedar ery for use, 
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Tho clay used in making them is mixed with a conrec kind of 
graphite ; the pots made from this mixture are much less likely 
to crack when heated, than if made of fire clay only. 

‘The graphitic modification of carbon may be obtained artificially 
by several processes, When cast iron is melted in contact with 
an excess of charcoal, it takes up a considerable quantity of it, and 
if the iron be allowed to cool slowly, the carbon crystallizes out in 
the six-sided plates peculiar to graphite, In the manufactare of 
coal-gas, those parts of the retort which are exposed to the highest 
temperature, partially decompose the gas as it escapes ; a part of 


a lustre resembling that of a metal. The density and ay 
of this mass vary according to the temperature to which it has 
been subjected. 

Pit-coal is a substance originally of vegetable origin, which bns 


asmuall proportion of nitrogen ; and in addition, it contains a variable 

















(g00) Chareoal ‘Amorphous Carbon, (Cy) Carbo olan sie 
jn third form, distinct from that of graphite, and in this state it is 
amorphous, or entirely destitute of crystalline structure. si 


‘Linder is another variety of carbon in the amorphous or uncrys- 
talline form; but the most important variety is Wood Charcoal, which 
is Iurgely manufactured by heating billets of wood to dull redness 
in cast-iron cylinders provided with a tightly fitting lid at one end. 
‘The best plan consista in enclosing the wood to be charred in a 
‘second lighter case, which can be easily introduced into and with- 
drawn from the fixed cylinder, which is set in masonry, and pro- 
tected from the direct action of the flame by a casing of fire-brick. 
From this kind of iron retort proceeds a tube connected with a 
condensing apparntus, where the liquid products of the decom~ 
position may be arrested, whilst the uncondensible gases pass on, 
and are directed into the fire-place, where they are consumed. 
After the heat has heen continued for four or five hours, the 
end of the outer cylinder is removed, the inner case with its charge 
is withdrawn, and the whole, whilst still red hot, plunged into an 
extinguisher or iron caso, provided with a tightly fitting lid, 
which protects it from the action of the air; in this condition it 
is left to cool gradually. 

In countries where wood is abandant, the charcoal is manu- 
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with oxygen, and will remove it from a great number of its com- 
pounds, especially from the oxides of the metals ; hence the various 
forms of carbon are very extensively employed in the reduction of 
these substances to the metallic condition. 

(302) Synthesis of Carbonic Acid.—As 0 knowledge of the cam- 
position of carbonic acid is a fundamental datum for the analysis 
of organic compounds, the proportion in which oxygen combines 
with carbon to produce carbonic acid has been determined with the 
greatest care by the combustion of weighed quantities of diamond, 
of graphite, and of charcoal, in a stream of dry oxygen. The 
apperatus employed for this purpose is represented in fig. 244. 
A represents  gae-holder filled with oxygen ; » a tube containing 


Fao. 244. 
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‘acid will only be partially deoxidized; the metal will deprive it of ex. 
actly half the oxygen which it contains, and a new gaseous body, 
termed carbonic oxide, will be produced. The bulk of this new gas 
is exactly equal to that of the carbonic acid that furnished it. Car- 
onic oxide may be conveniently prepared by mixing powdered chalk 
with an equal weight of iron or of zine filings, and exposing the mix- 
ture to a red heat ina gun barrel. The chalk when ignited gives off 
carbonic acid, which in contact with the heated metal is decomposed ; 
oxide of iron or of zinc is formed, quick lime remains in the retort 
mixed with the metallic oxide, and the carbonic oxide gus may be 
collected over water, in which it is but slightly soluble. These 
chemical changes may be preresented in the following manner >— 


sissy ey OF (3857 0g; Yes (Ca) ———__———- rer 
chalk {yet eq. carbonic oxide (CO)————-set free. 
(00,0) | 8=x eq, oxygen, O— 


32 =1 eq, zine, Zn 


ss of? 64, oxide of 
zine (ZnO); 
or the decomposition may be thus briefly represented in symbols >— 
CaO, CO, + Zn = CaO + CO + ZnO, 

The chemical composition of carbonic oxide may be ascertained 
in the following manner :—Introduce into the bent eudiometer 
(te. 239) a certain measure, say 20 parts, of carbonic oxide, then 

add 20 measures of pure oxygen ; pass the electric spark with the 
precautions already described : the 40 measures of gas will diminish 
to 30 measures. If a little solution of potash be introduced, 20 
measures of the residual gus will disappear, leaving 10 mesures of 
unaltered oxygen: the 20 measures of gas wbaorbed are carbonic 
acid. Now carbonic acid contains its own bulk of oxygen, but the 
20 measures of carbonic oxide required only 10 measures, or half its 
balk of oxygen to convert it into carbonic acid. Carbonic oxide 
therefore must have contained the other 10 measures of oxygen ; 
in other words, half its bulk of oxygen. But the specific gravity 
of carbonic oxide 

is 0'9674 deduct from this 
0°5528=half the density of oxygen 
04146 the remainder is the weight of the carbon 
combined with o”5528 of oxygen. 
Now 05528 :; o'4146 :: 8:6. The proportion by weight of 
to carbon in carbonic oxide is therefore 8:6, or 1 equi- 
valent of each, 
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oxide is a transparent, colourless gas, 

with a faint oppressive odour. It is much lighter than earbonic 

seid, having a specific gravity of 01967 (Wrede). All attempts at 

its liquefaction have as yet been unsuccessful. When respired, 

even though diluted with air, it acts as a direct poison, producing a 

Seaepeeaeareepiemian. se letinens of the bead. It dows 

combustion, but burns itself with a beautiful pale-blue 

Ieee itn Ws ta ecto with expen earbonte td anty 

A solution of dichloride of copper in hydrochloric acid, or of the salts 

‘of dioxide of copper in ammonia, rapidly absorbs carbonic oxide if 

with it. Carbonic oxide is absorbed by potassium if the 

motal be gently heated in the gas, 7 equivalents of carbonic oxide 

with 3 equivalents of potassium. ‘This property is some- 

times employed for separating carbonic oxide from its mixture with 

other inflammable gases, in the process of analysing mixtures of 
ouch goacs. 

carbonic oxide shows but little tendency to combine 


with other substances, it has been supposed to form the 

_ basis or radicle of a numerous series of compounds ; the probability 
of this view, however, is but slight. 

‘Carbonic oxide is often produced abundantly in the ordinary 


process of combustion in stoves und furnaces: this mode of its 
formation is important, as it exercises a material influence upon the 
economy of combustion, and in many metallurgic operations the 
‘earbouic oxide so produced plays a conspicuous part in the reduction 
‘of the ore to the metallic state. ‘The formation of carbonic oxide 
in an open fire which is burning steadily without emitting smoke 
is often evidenced by the flickering blue flame seen playing over the 
glowing embers. In this case carbonic acid is first formed at the 
bottom of the grate from the free access of air to this part of the 
barning fuel; the carbonic acid gas as it traverses the red-hot coke 
‘enters into combination with an additional quantity of carbon. The 
acid, by losing half its oxygen, is converted into its own bulk of 
‘carbonic oxide, and at the same time the carbon of the heated fuel 
which has entered into combination with this removed oxygen far- 
mishes another equal quantity of the same gas: and the heated car- 
onic oxide takes fire as soon as it mixes with the air which passes 
over the upper surface of the fire. ‘The reaction between the hot 
carbon and carbonic acid may be thus represented: CO,+C=2 CO. 
Carbonic oxide may also be formed in several other ways. 
Half an ounce of the yellow prussiate of potash, finely powdered, 
| in @ retort, and heated with four or five ounces of oil of 
yields moro than # gallon of the pare gas (Fownes), Tho 
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Tesetion ia in this ease of s complicated untare, bat is expressed: by 
the annexed symbols -— 
Poawoeyam petann, Water, Palpbre wcid. 
K,FeC.N, + 6 HO + 6 (HO, SO,) 
gire 

‘Curb. callie. Subpate potash. Belphate iron. ‘Balphate acumen. 

~—— eS SS SSS 

6 CO + 2 (KO, SO,) + FeO, SO, + 3 (HNO, 80,), 
‘One equivalent of ferrocyanide of potassmam and 9 equivalents of 
water produce 6 equivalents of carbonic oxide, 2 of potash, 2 of 

of iron, and 3 equivalents of ammonia; and these bases 
all combine with sulphuric acid to form sulphates, some of which 
afterwards form double salts with each other. 

Another method by which carbonic oxide may be obtained 
with facility consists im decomposing oxalic acid by means of oil 
of vitriol. “By the application of o gentle heat, one equivalent of 
oxalic ncid is deprived of water and is resolved: into a gaseous 
mixture consisting of equal measures of carbonic acid and carbonic 
oxide; by allowing the mixed gases to pass through a vessel filled 
with solution of potash, the carbonic acid is absorbed, and the 
carbonic oxide may be collected in a state of purity. The decom- 
ea senh sas es Sine splatter ==> 

Posen nal ee na 
HO, 0, = 0, + “Co + Co, 
A convenient mode of washing the gas is shown at a fig, 245, the 


Fro. 245. 





(304) Naruse Acip, (NO,); eg. 54-—Of these compounds the 
last, the nitric acid, formerly called aquafortis, is the most ‘im- 
portant. Itwas known to the alchemists, but its trac composition 
was first determined by Cavendish, in 1785. When nitrogen is mixed 
with twelve or fourteen times its bulk of hydrogen, and a jet of the 
mixed gas is allowed to burn in air or in oxygen, water is formed, 
which has a sour taste and an acid reaction, from the simultancous 
formation of a mail quantity of nitric acid. In this caso, the nitro- 
gen burns by the aid of the heat developed during the combustion 
of the hydrogen, and the nitric acid combines at once with the 
water formed, which much increases its chemical stability. It was, 
indeed, owing to the accidental production of nitric acid in the 
course of his experiments on the formation of water by the com~- 
bustion of hydrogen, that Cavendish was induced to institute: the 
train of research which terminated in this important discovery. 
If 2 vols. of nitrogen be mixed with 5 vols. of oxygen, in an inverted. 
syphon containing a few drops of infusion of litmus, cach limb 
plunging into a separate glass of mercury, and a series of electric 
eparke be passed theongh the mixture, the two gases will slowly com~ 
Line, and the litmus will be reddened. ‘The heat of the spark deter 
mines combination of the gases just at the spot through which it 
passes, but the action docs not extend further. In like manner, if a 
number of sparks be passed from the electrical machine, between two 
metallic points, over moistened litmus paper, in air, a red spot will 
be produced upon the paper, owing to the formation of nitric acid 
in minute quantity by the combination of oxygen with nitrogen. 
Daring stormy weather, and indeed whenever a flash of lightning 
passes through a moist atmosphere, the same compound is pro- 
duced in appreciable quantity. Indeed, it is rare to meet with 
rain water in which traces of nitrate of ammonia may not be detected, 
if the experiment is made with sufficient attention to accuracy. 

Nitric acid also occurs in combination with potash or soda, im 
the form of an cfilorescence on the soil, especially in tropical 
climates, as in some parts of Indian and Peru, Tho compound 
formed with potash constitutes the nitre or saltpetre of commerce. 

Preporation.—It is from one of these nitrates that the acid 
is always obtained for chemical purposes. When nitre is heated 
with a powerful acid, such as the sulphuric, it is decomposed; a 
combination of sulphuric acid with potuh remains in the retort, 
whilst the more volatile nitric acid distils over, and may be con- 
densed in the usual manner. In preparing nitric acid on the small 
scale, equal weights of nitre and strong oil of vitriol are placed in 
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‘a glass retort, and the distillation is proceeded with in the manner 
shown in fig. 109, Part 1.,p. 236. The result of the reaction may 
be traced as follows -— 
KO, NO, 42 (HO, SO,) give HO, NO, + (KO, HO, 2 SO,) ; 

‘or, as it may be illustrated more in detail, 

ARer dmcompostiion. 

1 eq. Liquid 

nitric acid. 


49=1 eq. Oil of vitriol ——— 16 


phate of 
potash, 

During the distillation red fumes appear im the retort, arising 
from & partial decomposition of the acid, and a formation of some 
‘of the lower oxides of nitrogen. Tn the receiver a yellowish corrosive 
Tiquid condenses, which fumes strongly in the air, and emits a power- 
ful, irritating odour. On the large scale, iron retorts, fig. 245, evated 
‘with firo clay on the inside of tho upper part, where they are exposed 
to the acid vapours, are employed for the distillation, and nitrate of 
soda is substituted for nitrate of potash, as it is a cheaper salt, and 
Tikewise contains 9 per cent. more nitric acid than nitrate of potash, 

"Phe cylinders or retorts are arranged in pairs in a furnace, so 
that each fire heats two cylinders, as shown in the section 1. 


Fin. 246. 
1 a 


40=1 eq, Sulphuric acid —~ f eq. Bisul- 


The cylinders are supplied with a moveable lid, ¢ d, at each 
‘end. The nitrate is introduced into the retort, 4, through the 
opening at ¢, which is closed during the distillation by a stone lid, 
which fits the aperture accurately ; the oil of vitriol being intro- 
duced by a funnel at ¢, after the retort is closed, As soon as the 
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slowly in the cold, in dilute nitric acid, produces nitrous acid 
(NO,) which remains in solution: thus 2 Ag + 3 NO, becomes 
2 (AgO,NO,) + NOs, and the metal dissolves without evolution of 
gas; and a similar effect is produced by palladium. With metals 
which, like copper and mercury, ae 
for oxygen, deutoxide of nitrogen (NO,) is disengaged in large 
quantity ; for example, SOR ANOp = NOs 5 (Cee 
if the metal have a still more powerful tendency to combine with 
oxygen, as is the case with zinc, the protoxide of nitrogen (NO) is, 
if the acid be dilute, amongst the gases disengaged : 4 Zn + 5 NO, 
would produce NO + 4 (ZnO, NO,). Zinc and tin also decompose 
water as well as nitrie acid when dissolved in the acid, setting 
hydrogen free, and the hydrogen at the moment of its liberation 
completely deprives « portion of nitric acid of its oxygen, and forms 
ammonia (1,N), by entering into combination with the liberated 
nitrogen ; for instance, 8 Zn +8 HO +8 NO,=8 (ZnO, NO,) +8 H, 
and NO,+8 H yield 5 HO+H,N. In order to produce a rapid 
oxidation of the metals it is best to dilute the acid until it has a 
specific gravity between 1:25 and 1°35 ; the action is then very brink. 
Nitric acid is one of the most corrosive substances known: it 
turns wool, feathers, the skin, and all animal matters 

albumen, of a bright yellow colour. When the concentrated acid 
‘is exposed to the air, it absorbs moisture ; and if mixed with water it 
emits a sensible amount of hent, owing to the formation of another 
hydrate of much greater stability. 

‘This stable hydrate contains 4 equivalents of water and 1 of 
nitric acid (HO, NO, + 3 nq) : it has a specific gravity of 1°424, and 
is composed of 6c per cent. of anhydrous acid, and 40 of water. 
‘This hydrate has a higher boiling point thin the protohydrate, 
and distils at 250° without change. A weaker acid parts with its 
water when heated, till it arrives at this density, and a stronger 
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‘acid, in like manner, loses acid; the liquid im the retort being 
eventually, in both eases, reduced to the hydrate with 4 equiva- 
Tents of water, of sp. gr. 17424. According to Bineau, the vapour 
of this hydrate has adensity of 1-243. ‘Ten volumes of this vapour 
seta ‘equivalent of the acid. 
__ Anhydrous Nitric Acid.—Nitric acid may be obtained in an 
‘condition (Deville, Ann, de Chimie, IIL. xxviii. 241), in 
whieh state it forms perfectly transparent, brilliant, colourless erys- 
tals, derived from the right rhombic prism: they melt at 85° and boil 
‘fat 113° F.: about this temperature the compound begins to undergo 
‘decomposition. Sometimes the crystals, even if kept in sealed tubes, 
undergo decomposition at the ordinary atmospheric temperature, 
Lee ‘bursts with a dangerous explosion from the pressure 
exerted by the liberated gases ‘The crystals dissolve rapidly in 
Seater attinpacurk heat and producing ordinary nitric acid. 
Anbydrous nitric acid may be prepared by passing a uniform 
‘current of perfectly dry chlorine gas very slowly over crystals of well 
‘dried nitrate of silver; the salt is heated to about 200° at first, till the 
decomposition has commenced, and the temperature is then lowered 
toabout 150° PF. ‘The operation is one of considerable delicacy, and 
attention to a number of minute precautions, for the details 


requires 

of which the reader is referred to M. Deville’s paper. ‘The apparatus 
‘required is shown in fig. 247. 4 is a vessel of concentrated sulphuric 
‘acid: the acid is drawn off from it by means of the syphon, andallowed 


io. 247- 





one of the lower ae dee 
Yalb in y, and is thus separated. The chlorine di 
acid and oxygen from the nitrate of silver; chloride 





is of the following simple aac 
irate silver, ‘Chior. silver. Ditsiewd, 


&g0, NO, + Cl give Me Cl + O + NOp 
‘The composition of anhydrous nitric acid was. 


Pio. 348, mating the: 

















‘experiments that 547 milligrammes of acid gore 116 ic cent 
metres of gas at a temperature of 5°2 C, whilst moist and under 
barometric pressure of 757 millimetres. ‘This, when corrected, gives 
in 100 parts of the acid by weight, 2579 of nitrogen; the deficiency, 
741, is oxygen : necapera saute case 

(G05) Hydrated nitric neid is liable to be | 
variety of impurities, of which sulphuric acid, chlorine, potash, and. 
oxide of iron are the most frequent. Its usual yellow or red colour is 
‘owing to the presence of the lower oxides of nitrogen. It should leave 
no fixed residue when evaporated on a slip of glass, and give no preci- 
pitate when diluted with three or four times its bulk of water, and 
tested for sulphuric acid with nitrate of baryta, and for chlorine with 
nitrate of silver. It may readily be obtained free from all impurities, 
excopt the lower oxides of nitrogen, by distilling it a second times 
if chlorine be present, nitrate of silver may be added 
#0 long as the silver salt occasions a precipitate ; or a silver coin 
may be dissolved in the acid, after which the rectification may be 
proceeded with. 

Nitrates—Nitric acid combines with one equivalent of the 
various bases to form the class of salts termed nitrates: no acid 
nitrates are known to exist, but several subnitrates may be formed ; 
that is to say, salts may be formed which contain more than one 
‘equivalent of base for each equivalent of acid; such for instance, as 
subnitrate af copper (3 CuO, NO,, 110). When heated, most of the 
nitrates fuse readily: at an elevated temperature they are all 
decomposed, and in most eases the pure oxide of the metal is left. 
‘When thrown on glowing coals, the nitrates are decomposed with 
scintillation; if dissolved in water, and paper be moistened with 
the ‘solution, ‘llowedito.dry, and! thes burned, the smouldering 
combustion characteristic of touch-paper will be produced, This 
property is however also exhibited by the salts of some other acids 
of which the chloric is the most important. 

There is no rendy method of precipitating nitrie acid from its 
solutions, since all its compounds dissolve in water more or less 
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weaker, the solution is blue, and if diluted below a specific gravity of 
115, little of the gas is absorbed and the acid remains colourless. 
‘The deutoxide of nitrogen is neither acid nor alkaline im its 


and to this circumstance is owing one of the most characteristic 
properties of the gas. When mixed with oxygen, or with any gas 
containing uncombined oxygen, dense red fumes are produced. 
‘These red fames are freely soluble in water, and furnish an acid 
Tiquid. Formerly this circumstance was employed to determine 
‘the quantity of oxygen in mixture with other gases; but the 
method is now abandoned, as the absorption is not uniform, owing 
to the formation in uncertain quantity of a mixtare of several 
soluble oxides of nitrogen. Tt may, however, be used with advan- 
tage as a qualitative test to demonstrate the existence of unoom- 
bined oxygen in gaseous mixture. 

(g08) Nerrovs Actin: ceseppticaipied ae Pen 
—By mixing in an exhausted flask 4 volumes of deutoxide 
nitrogen with 1 volume of oxygen, iD. ee 
brownish-red fames form, which at a cold of oF. condense to a blue 
very volatile liquid; water immediately decomposes it into nitrie 
acid and deutoxide of nitrogen. The presence of a small 
of water converts the blue into a dark green liquid, but a larger 
quantity decomposes it with effervescence; nitric acid is formed, 
and deutoxide of nitrogen eseapes. This reaction may be thus 
represented »-— 

HO + 3NO,, give HO, NO, + 2 NO,. 

‘Though in its uncombined form nitrous acid is decomposed with 
such facility, yet it farms permanent compounds with the alkalies, 
If dentoxide of nitrogen be placed over a solution of caustic potash, 
and amall quantities of oxygen be added, nitrite of potash is pro- 
duced in the liquid; and if nitre, or nitrate of soda, be heated to 
redness until the gas which is evolved begins to contain nitrogen, 
the residue will be found composed chiefly of nitrite of potash, or 
‘soda, These nitrites dissolve in alcohol, und may thos be sepa. 
rated from the corresponding nitrates, which are insoluble. If the 
nitrite either of potash or of soda be dissolved in water, and nitrate 
of silver be added, a sparingly : soluble nitrite of silver precipitates, 
By dissolving this precipitate in hot water, it is obtained pure in 
crystals as the liquid cools. ‘When a fragment of nitrite of potaal 
is moistencd with a solution of sulphate of copper, it strikes a 
brilliant green colour, which is quite characteristic. The addition 





vapour 
odour, It supports the combustion of a taper, and of many burning 
bodies. If water be gradually added to the liquid peroxide it 
passes through various tints, becoming successively orange, yellow, 
green, bine, and finally colourless, an effervescence being occa- 
sioned during the whole time from the escape of deutoxide of 


nitrogen ; finally, nitric acid in abundance is formed in the liquid. 
The reaction may be traced ax follows: 2HO + 3NO,=NO,+ 
a (HO, NO,). The deutoxide of nitrogen, on mixing with the 
oxygen of the air, reproduces the peroxide of nitrogen as usual, 
The different tints assumed by the liquid during dilution appear 
to be owing to the solution of the deutoxide of nitrogen in varying 
proportion in the nitric acid produced by the decomposition. 
(310) The important influence of proportian upon the products 
of chemical combination is exhibited in a striking light by these 
compounds of nitrogen with oxygen. The same elements, accord 
ing to the quantities in which they are united, may, as in nitric acid, 
produce one of the most corrosive compounds in the range of 
chemistry ; or may give rise, as in the case of the protoxide of 
nitrogen, to a stimulating and intoxicating gas, which may be 
breathed with impunity, while the intermediate combinations 
exhibit properties entirely different from either. A broad distine- 
tion may also be easily traced between the results of mixture and 
those of true chemical wion. The properties of the atmosphere 
are the results of simple admixture; the chemical qualities of 
oxygen appearing to be simply diluted by its apparently inert com- 
panion, nitrogen (just as the sweetness of sugar is reduced by the 














a2 PREPARATION AND PROPERTIES OF AMMONTA, 
abo ome ie seatey a Peaty soils, both of 


the gas works ; this liquor is saturated with sulphurie or with hydro. 
chioric acid, and thus the sulphate or muriate of ammonin of 
ecommerce ix procured, 

Te equal weights of quicklime and either of the salts last uasned 
be separately powdered and intimately mixed, the powder, on being 
transferred to a retort and gently heated, gives off abundance of 
pure ammonia, as a transparent colourless gas, of the peculinr 
pungent odour of selling salts. The lime combines with the 
acid and sets the ammonia at liberty: thus, 

Lime. Mur. ammonia. Chloride calcio. Ammonia, Water, 


GO + HN, HG = Ga Ci + TN'+ HO. 


Properties —Ammonia produces a flow of tears from the eyes; it 
has an acrid taste, and, when breathed in a concentrated form, is 
fatal to life, from its irritating cffects on the lungs. In a more 
diluted form it is a highly valuable stimulant. Ammonia does not 
support the flame of burning bodies, but is focbly combustible; a 
jet of the gas directed ucrass the stream of hot air issuing from a 
Jighted argand lamp, burns with a yery pale green flame. Am= 
monia is extremely soluble in water, and must therefore be col- 

lected either over mercury or 

Fro. a5. by displacement, in the manner 

shown in fig. 252. Tho latter 
mode of collecting it may easily 
be effected, as the gas has litle 
more than half the density of 
atmospheric air, its =p. gr. being 
only o'5g. Ammonia haa a 
powerful alkaline reaction, and * 
turns turmeric paper brown, 
Whencollected by displacement, 
the gas must be allowed to pasa 
into the bottle until a piece of 
dry turmeric paper held to the 
mouth of the bottle is immediately turned brown; the tube 
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14 LiQuarActiow oF AMMONTA—ITs AQUEOUS SOLUTION. 


If a solution of the nitrite of ammonia (I,N, HO, NO,) be heated, 
the salt is decomposed, water and pure nitragen are liberated. The 
result may be thus represented: (IGN, HO, NO.) = 4 HO-+a Ne 
the hydrogen of the ammonia is in this ease exactly sufficient to 
combine with the oxygen. of the nitrous acid, forming water: 


of silver in powder is exposed to a current of dry ammoniacal gas; 
the ammonia is rapidly absorbed, and the chloride increases in weight 
more than one-third. ‘This substance ix placed in one limb ofa 
strong tube (182), bent to an obtuse angle, and then hermetically 
sealed ; on applying heat to the chloride, and cooling the other end 
of the tube with « freezing mixture, the ammonin condenses asa 
colourless liquid, which exerts a pressure of 6°9 atmospheres at 60°, 
and has a specific gravity of 0-731. Eps Oh aa 
frozen to a white translucent crystalline solid, which is denser than 
the liquid (Paraday). ‘The chloride of silver reabeorbs the liquefied 
ammonia, and slowly reproduces the original compound. 

Solution of Ammonia.—A solution of ammonia in water is a 
reagent in continual requisition, When ammoniacal gas is passed 
into water it is rapidly absorbed, with considerable. extrication of 
heat; at a temperature of 50° F., water takes up about 670 times 
its volume of the gas, inercasing in bulk nearly one half, and 
becoming specifically lighter ; this saturated solution has a density 
of 0875 (Davy). Such a solution contains nearly one-third of its 
weight of ammonia. The following table indicates the strength of 
solutions of pure ammonia of different specific gravitics, according 
to the experiments of Sir H. Davy -— 











Solution of ammonia is colourless and intensely alkaline; it has 
fan acrid caustic taste, and blisters the skin if applied to it ina con. 
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s0 that nothing but water is left in the retort, 

Solution of ammonia is prepared on the large scale by mixing 
ge ee relgtts ct welkbneil get 
lime jammonine; the lime is slaked and made into a paste 
‘With water before mixture, ‘The retort is then connected with a 


Fro, 252. 





bottles ; in the globe, 4,2 small quantity of water is placed, to retain 
‘any solid particles which may be mechanically carried over hy 
the gas; in the first bottle, » (which may be kept cool by immer- 
sion in cold water), a quantity of water equal in weight to that of 
‘the sal ammoniac used is introduced, taking care that it shall not 
fill more than half the capacity of the bottle; whilst the second 
contains water to condense any gas that may escape through the 
first. Ench bottle is provided with a safety tube open at both 
ends, so that if the gas were absorbed in », for example, more rapidly 


hotile ¢, air would enter by the safety tube, and the equilibrium 
would be restored. The tube which delivers the gas passes down 
‘through the safety tube and projects a little beyond its lower 
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518 «= FROTERTIES OF CHLOKINE—BLEACHING ACTION. — 


(Cl+10.Aq), which crystallizes at 32°; iff it be enclosed in hers 
metically sealed tubes it furnishes a ready method of obtaining 
ees titre) ts by Wie heat it is easily decomposed into. 
water 

4 Chlorine is not combustible, and it does not combine directly 


St sare ee ae 

copper leaf, finely powdered antimony, and arsenic, are 

great number of organic substances rich in hy 
decomposed by chlorine, sometimes with such 
to inflame them ; a bit of paper dipped into oil of turpentine and 
plunged into the gas burets into flame, and deposits an abundance: 
of s black carbonaceous compound, 

‘The action of chlorine upon bodies containing hydrogen is often 
of a very peculiar kind. Tt combines with part of the hydrogen 
and withdraws it from the combination ; each equivalent of hydro- 


lent of chlorine is substituted, It is in this way that chlorine 
exerts those bleaching powers which have rendered so essential a 
service to the calico-printer and the paper-maker, Most of the vege= 
table colouring matters contain hydrogen, and are decomposed by 
chiorine, whilst colourless or nearly colourless compounds eontain= 
ing chlorine are formed, instead of the coloured compounds with 
liydrogen, If a solution of chlorine be mixed with ‘some: of (tbe 
blue liquid formed by dissolving indigo in sulphuric acid, or with 
ordinary writing ink, or with tincture of litmus, the colour will in 
tach case be immediately and almost completely discharged, and 
it cannot be subsequently restored. 

Another property of chlorine of great value ix its disinfecting 
power, by which is meant its power of destroying noxious vapours 
and minsmata; with this view it is frequently employed for furi- 

gating buildings after the occurrence of contagious discascs. 
ecarmecscua may be easily prepared from a mixture 
of 7 parts by weight of oil of vitriol, previously diluted with 7 parts 
of water, and allowed to cool, and 4 parts of pounded chloride of 
sodium intimately mixed with 3 parts of finely pulverized black 
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chloride of manganese is produced, and not being 
in the bulb, whilst water begins to form and con- 


bleaching effect upon 
(been explained, and may be repcosented by. the following symbols : 
Se Tg acetal: 
p ric acid is a colourless gas of a peculiar 
odaur, and an intensely acid taste ; it irritates the eyes, and 
when diluted produces coughing. Tt is heavier than air, 
a specific gravity of 12474; 100 cubic inches weigh 39°64 
s. Under a pressure of 40 atmospheres ab or Rees 
sto a colourless liquid of sp. gr. 1°27, which dissolres 
and which has never been frozen, Hydrochloric acid 
¢ incombustible, and extinguishes burning bodies. It reddens 
paper; when allowed to escape into the air it produces 
fumes by condensing the atmospheric moisture, and form- 
Ge teag leaivaiie then voce water. Tt ix instantly 
| by water: a lump of ice liquefics in @ jar of the gas and 
yrba it in a moment, 
= Gis 8 Solution of Hydrochloric Acid—The solution of hydro- 
‘acid in water is an indispensable requisite in the laboratory. 
prepared for use by placing in a capacious retort 3 parts 
d chloride of sodium in fragments, and introducing gradu- 
Beetscehia bead funnel, ¢ part af ail of viol ‘The retort 
is with a series of Woulfe’s bottles ; in the first a small 
| “quantity of water ix placed to detain any impnrities which might 
‘be mechanically carried over with the gas; the second bottle may 
‘contain 4 parts of water, and should be immersed in a vessel of 
| water, as the condensation of the gas is attended with a great 
of heat, On applying a gentle heat to the retort 
| the acid comes over and is condensed ; an easily soluble bisulphate 
| of soda remains in the retort, and is formed as follows— 
| Cherie setts Sahel. Byronkor well. Duh pate 
‘Na Cl + 2(HO, SO,) give HCl + NaO, HO, 280,. 
r manufacturing purposes the decomposition is effected in iron 
like those employed in the preparation of nitric acid, 
one half the quantity of sulphuric acid prescribed above, 



















of decomposed, 3 eqnivalents ; 
formed, and 1 equivalent Se eaichiiat of ran is See 
— 


Se See. way en 
SHC + £50; give 510 + Fe. 


_ It sometimes happens that no chloride corresponding) te iitl | 


‘Wetor, Chino, 
lo et 
‘MnO, + 2 HCl give Mu Cl + 2 HO + CL 
‘The presence of hydrochloric acid, and of the soluble chlorides 
if in solution is indicated by the formation of a white, insoluble, enrdy 
precipitate of chloride of silver, when a solution of nitrate of silver 
is added to the liquid; for example— 
Seetes: ‘iu. gre. sig cig bapamcar ds may 
Na Gl + AgO, NO, give AgGi + Nad, NO, 
This precipitate is soluble in ammonia, but insoluble in nitric acid. 
(317) Aava Ruoia; Nitro-Muriatic dcid.—The name of aqua 
rogia was given by the alchemists to a mixture of nitric with 
hydrochloric acid, from the power that it possesses of dissolving: 
gold, the ‘king of metals,’ Platinum and gold are insoluble in 
sither acid separately ; but when the two acids are mixed, they 
mutually decompose each other; free chlorine, and abundant ruddy 
fumes, long mistaken for peroxide of nitrogen, being liberated. The 
chlorine in the moment of its extrication acts upon the metals and 
| dissolves them. The nature of the reaction and the true composi- 





tion of these fumes, however, has only recently been correctly 

ascertained by M. Gay Lussac; the investigation formed indeed 

| one of the last scientific labours of this distinguished chemist 
(Ann. de Chimie, ILL. xxiii, 203). 

Chloro-Nitric Gas, (NO,C1,)—If a mixture of 1 part of con~ 


an 
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centrated nitric acid and 3 parts of hydrochloric acid, be placed in 
a flask and subjected to a gentle heat in the water bath, 4, fig. 255, 
red fumes pass off in abundance, ‘These vapours, if transmitted 
through « bottle, s, which may be cooled by immersion in melting 


Fra. 255. 





es 


ice, deposit « little volatilized hydrochloric acid and water, but the 
red fumes pass on, and may be condensed as a heavy red liquid in 
the tube receiver, c, which is plunged into a mixture of ice and salt, 
while free chlorine escapes from the open extremity of the tube, c, 
and appears in the bottle, p, The liquid may be preserved by 
scaling up the fine tubes on cither side by means of the blowpipe. 
'The object of drawing out the extremities of the tube, c, is to pro- 
tect the corks through which they pass from the corrosive action 
of the chloro-nitrous vapour. If it be desired to collect the com- 
pound for analysis, a bent tube filled with chloride of calcium may 
he interposed between s and c, to absorb all traces of moisture. 
In thie reaction 1 equivalent of nitrie acid decomposes 3 equiva- 
leuts of hydrochloric acid, producing 1 equivalent of the red 
compound (NO,Cl,) (which may be termed chloro-nitrie gus), 3 
equivalents of water, and 1 of free chlorine. 
witroasid, Mayan, —Chowsita Weta, Chorin, 
mS — eo 
NO, + 3HCL = NO,ChL + 3 HO + CL 

Chloro-nitric gas may be regarded as peroxide of nitrogen in 

which 2 equivalents of chlorine have taken the place of 2 equie 
ao 2 














of the hypochlorite of the oxide and chloride of the metal. 


dataport Ne weapooes is be a phe aces Dm 


oS TS ~— 
200 +2C = GiGi + CAO, Go. 

Chloride of calcium is deliqueacent, and is soluble in aloohol; but 

bleaching powder, when properly made, is not deliquescent, and 

Yields scarcely any chloride of calcium to alcohol. 

Chloride of lime emits the peculiar odour of hypochlorous 
acid when exposed to the air; under these circumstances it gra- 
dually absorbs carbonic acid and exhale ehlorine,—a cireumstance 
which causes it frequently to be used as a agent. 
Cloths dipped in an aqueous solution of the chloride, when hung up 
in the room to be fumigated, continue for many hours gradually to 
emit chlorine, but in quantities too small to be injurious to the in- 
mates. Chloride of lime is only partially soluble in water, and leaves 
@ large residue of hydrate of lime. An excess of any acid when 
upon the powder causes a free evolution of chlorine; but if the 
aqueons solution be mixed with half the quantity of sulphuric acid 
required to neutralize the lime, hypochlorous acid may be distilled 
off and condensed in a diluted form in a suitable receiver. ‘The 
reaction which occurs may be thos represented :— 

Chloride of time, MUA Buiph. tine, Sue 
— ~~ ~sa AN 
2 (CaO, Cl) +80, yield Cad, SO, +Ca Cl + GIO. 

Chloride of lime is consumed in vast quantities in the bleach- 
ing of calicoes and other woren goods. The calico is well washed, 
and boiled successively with lime water and a weak solution of 
caustic soda, in order to remove the weaver’s dressing, and greasy 
and resinous matters; it is then digested in a solution of chloride 
of lime, containing 2 or 2} per cent. of bleaching powder. The 
bleaching effect of this solution is not however rendered 
till the goods are immersed into very dilute sulphuric acid, which 
decomposes the chloride of lime immediately, and by liberating 
chlorine within the fibres of the cloth itself, rapidly removes the 
colour. Still, however, it is not perfectly white. The calico is 
therefore washed, and a second time subjected to the action of 
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continued so long as the blue colour appears. ‘The stronger the 
powder, the fewcr will be the number of divisions 
required to be poured from the burette. ‘This number of divisions 
by 2 will indicate the number of grains of bleaching 
powder which contain 10 grains of available chlorine, ‘The strength 
‘of the powder is therefore obtained by the following proportion, in 
which a represents the number of measurcs poured from the 
‘burette:— 
Ftor: 100+ # (the number of grains of chlorine in 100 grains 
of the powder); or 22= wr, 

‘The process of converting a protoxide of a metal into one of 
its higher oxides, by means of chloride of lime, admits of being 
employed in a variety of other eases, solution of chloride of 
lime when mixed with hydrochloric acid, being in fact a power- 
fal oxidizing agent. Peroxides of bismuth, of cobalt, of nickel, 
and of Jead, may be obtained readily by adding euch a mixture to 
solutions of the salts of these metals and heating the liquid, 

(g21) Cusorce Acin, (C1O,); Equivalent, 75°5.—This compound 
is not known in an isolated form, as it his never been obtained 
with less than 1 equivalent of water as a hydrate (IO, C1O,). If a 
current of chlorine gas be caused to pass through a solution of 
caustic potash, it is rapidly absorbed, even when transmitted in a 
continuons stream, and a bleaching liquid is formed, which, on the 
application of hent, lases its bleaching properties, and is gradually 
conyerted into a mixture of chloride of potassium and chlorate of 
potash ; 6 equivalents of chlorine and 6 of potash furnishing 5 
equivalents of chloride of potassium, and 1 of the chlorate. 

| 6Cl + 6KO = 5 KCl + KO,CI0,. 





‘The chlorate of potash being sparingly soluble, is freed from the 
chloride by two or three crystallization In order to obtain 
i ehloric acid, the salt is decomposed by the addition of hydro-fluo- 
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silicic acid, which forms an insoluble compound with the potash, 
and chloric acid is liberated; the acid solution may be poured off 


from the precipitate, and concentrated by evaporation over the water 
hath at = 
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! ex. 
MLD gan oe eee = peeee in a drop of oil 
Of vitriol, a yellow colour is produced, and the peculiar smell of per- 
oxide of chlorine is evolved. All the chlorates dissolve in water, and 
many of them are deliquescent, and dissolve in alcohol ; these solu- 
tions are not precipitated by nitrate of silver. Paper soaked in a 
solution of a chlorate acquires the property of smouldering on the 
application of a light, and burns in the same manner as touch-paper. 











PERCHLORIC ACT. 


Chlorate of potash, when in solution, often | 
method of converting the metallic protaxides into | 
LC Rovegecpbuepreere yee st 
at liberty, aud exerts its oxidizing power. 4 
_speeerapherinpivgeas dapper { 
‘into a persalt when the liquid is boiled. 
2) Pexcnronre Actin, (ClO,) ; pesrenp hale 
chlorate of potash to complete 


compound 
of chlorine with a still higher proportion of oxygen, to whieh the 
name of perchloric acid has been given; this compound remains in 
combination with the potash. The reaction appears to consist in 
the resolution of 2 equivalents of the chlorate into 1 
perchlorate (KO, ClO;) and 1 of chlorite of potash (KO, C10,), 
this latter salt being unable to exist at so high a temperature, is 
immediately converted into oxygen gas, and chloride of potassium, 
as follows -— . 

See ae coe 

2 KO, ClO,=KO, Ci0,+-KO, C10; and ae 10,=Ka + fo. 
By crystallization the perchlorate of potash is readily separated 
from the more soluble chloride. The perchlorate dissolves in 
Doiling water, but being very sparingly soluble at ordinary tempe- 
ratures, separates in octohedra, At a red heat the perchlorate 
is itself resolved into oxygen and chloride of potassium. One 
method of obtaining perchloric acid in the form of hydrate consists 
in distilling the perchlorate of potash with twice ite weight of snl- 
phurie acid diluted previously with one-tenth its weight of water. 
Tf the receiver be kept cool by ice, the first portions that distil 
over crystallize, A large proportion of the acid, however, is decom= 
posed into chlorine and oxygen gases. The crystals of the acid 
are very deliquescent; saturated solution may be obtained of 
specifie gravity 1°65. This solution is of a pure sour taste, and 
does not destroy vegetable colours ; perchloric acid, indeed, ix the 
most stable of all the oxides of chlorine. It will even dissolve 
iron and sine with evolution of hydrogen gas. 

Perchloric acid forms salts which all contain 1 equivalent of 
base. ‘The salts of this acid in goneral are deliquescent. No in- 
soluble perchlorate is known: the perchlorate of potash is the least 
soluble of these compounds. ‘They are all decomposed by heat, with 
evolution of oxygen aud formation of a chloride, but may be distin« 
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of chlorine escape, whilst fea. eqaielentn of Mana of aay 


7 of perchlorate are formed. 
pide Breeds ‘Sulphario soil, . 
J (KO, C1) + 4 (HO, 80,) 
‘Terox. Chlorine, Perchlorste potash, aaa Wetee. 


—— —— ~—s 
a ClO, + KO, ClO, + 2 (KO, HO, 2 S0,) + 2 HO. 
Peroxide of chlorine acts rapidly upon mercury, and mast 
therefore be collected by displacement, Mere contec x eee 
combustible matters at once determines its explosion. Place, for 
instance, 4 or 5 grains of chlorate of potash at the bottom of a tall 
glass, and pour upon it a litle water; them 
Fro. 358. having placed the gliss in a deep plate 
Ir (fig. 258), add a picce of phosphorus about: 
the size of a pea, and by means of a long 
funnel pour slowly in about a tea-spoonful 
of oil of vitriol ; flashes of a beautiful green 
light, attended with a crackling noise, will 
be immediately produced. If loaf sugar 
and chlorate of potash be separately pow- 
dered, and mixed in equal proportions 
with each other by means of a spatula, 
the addition of a drop of sulphurie acid. 
will liberate peroxide of chlorine, which will be decomposed by 
the combustible matter, and sufficient heat will be emitted to cause 
the mass to burst into flame, and to deflagrate with great brilliancy. 
Peroxide of chlorine is not possessed of acid properties; alkaline 
solutions, however, absorb it rapidly, but when evaporated, they 
yield a mixture of chlorite and chlorate of the hase. 
Peru, inte Chg yh, Cre eae, 


10, + 2 KO = KO, ClO, + KO, Clo, 
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throngh the tabulure, 6. The temperature may be gradually 
raised to 212°, but not higher; iodine distils over and is con. 
densed in the globular receivers, d. It is purified by a seeond 
sublimation. The object of the second tubulure, shown at ¢, 
is to facilitate the clearing of the neck of the retort in case it 
become obstructed by the formation of crystals. If the tem~ 
perature be allowed to rise above 212°, chlorine is dis 

and combines with part of the iodine, forming chloride of 
iodine, 

In the foregoing process, the addition of the sulphuric acid 
‘occasions the decomposition of the carbonate, sulphite, and hypo- 
sulphite of soda which. still remain in solution, as well as of 
any sulphide of sodium that may be present, forming sulphate 
of soda which is removed by crystallization. The liquid retains 
an excess of sulphuric acid, and all the iodide of sodium, When 
this mixture is heated with peroxide of manganese, the iodine 
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fiaces in which the sulphur is bummed; in the current of heated 
gis an iron pot, 4, is suspended, which has been Previously 
charged with a ‘mixture of nitrate of soda and oil of vitriol. 


* The tne composition of this eyealine beady has bean. the objet of 
much discussion and uttastous aperi pent Na. Rd has shown 
that by passing puro dry binowide of n * 
‘of whieh i moistened with anhydrous 0,), & white, hand, aso 
phous substance is formed, eoinpraed of (NO, 2 SO.) td this 
fansiders to bo the essential constituent im the crysis abore described. | Ht 
fines 6 8 bigh: toropersture, nnd voblines ‘ater im 
pera Mberating etal sie the aa =a ia dite 
dtrous eryxtale to the air, they al 
and emit nitrons rf Concentrated oil of f 
wolves Shore in all § 
cool 











when cold, occupies less bulk than the two liquids did when scpa- 
The dilution should therefore be performed gradually, 
acid into the water, not the water into the 
powerful is the attraction of the acid for moisture, that 
ina shallow dish to the air for a few days, it frequently 
weight by absorbing aqucous vapour from the air, 
of commerce is often of a dark brown colour, occa. 


‘Marignae finds that the true monohydrate of sulphuric acid when 
heated emits a small quantity of the vapour of the anhydrous neid, 
and the remaining liquid boils at 640° K. After it has been frozen, 
it melts at 51°, butit may be cooled much below this point without 
solidifying. On dropping into the cooled acad a crystal of the atid 
previously frozen, congelation immediately occurs, and the tempera 
ture rises to 51° F, The concentrated acid of commerce docs not 
usually freeze till it has been cooled to about —30° F. 

Bihydrate of Sulphuric Acid, (HO, SO, + HO)—If water be 
added to sulphuric acid, until the density is reduced to 1°78, a 
second hydrate, which contains 2 equivalents of water, is formed, 
Tt freeses at 47°, and crystallizes in splendid rhombic prisms ; 
from this property it is often termed glacial sulphuric acid. Accord~ 
ing to Dalton, it boils at 435°. Mr. Graham found that this 
hydrate may be obtained by heating a more dilute acid to 400° F, 
till it ceases to give off water. 

A terhydrate (HO,SO,+2H0) may, according to Mr. Graham, 
be procured by evaporating a dilute acid in vacuo at 212°, till it 
ceases to lose weight. The density of this hydrate ix 1-632, and 
its boiling point is 348°. 

Nordhausen Sulphuric Acid—For the purpose of dissolving 
indigo in the process of dyeing Saxony blue, an acid of still higher 
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We are, therefore, acquainted with the following definite com 
pounds of sulphuric acid with water; starting with the anhydrous 
acid -— 








‘The applications of sulphuric acid in the arts are very numerous. 
Tinmense quantities of it are consumed in the mannfneture 
‘of sulphate of soda as a preliminary process in making car- 
bonate of soda; and it is in constant requisition for the prepara 
tion of nitric, hydrochloric, and other volatile acids, In the 
laboratory its applications are too numerous to be specified. 

(347) Lmpuritics common in the Commercial Acid—The oil of 
vitriol of commerce is never pure; it always contains lead, derived 
from the vessels in which it is made, ‘The sulphate of lead is pre- 
cipitated as a white powder when the acid is diluted. It is also 
frequently contaminated with arscnic, derived from the pyrites: 
the dilated acid in this case gives a yellow precipitate when exposed 
toa current of sulphuretted hydrogen gas. The arsenic is still 
more easily recognised by what is termed Marsh’s test, which will 
be described under the head of arsenic, Nitric acid, and some of 
the lower oxides of nitrogen, are also often present. A strong 
solution of green vitriol in water, when added to the undiluted acid, 
shows the presence of these impurities by striking a chacactetiati 

colour at the point of contact of the two liquids. 
Sulphurous acid may likewise sometimes be detected in the acid, 
a8 may aleo hydrochloric acid and sulphate of potash. 

When required pure, the acid must be re-distilled with a little 
sulphate of ammonia; this salt decomposes any nitrous acid which 
may be present (p. 514). The distillation requires to be conducted 
with much care, as the boiling takes place with violent concussions 
aud sudden bursta of vapour: the best plan for avoiding danger, 
consists in applying heat to the sides, and not to the bottom of 
the retort; this may be effected by using a gas-burner in the 
form of a large ring. The insoluble matters collect ot the 
bottom of the retort, whilst the cbullition takes place from the 
sides tranquilly. 

Tn its concentrated form sulphuric acid acts bnt feebly 

re 
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the metallic sulphides with an acid. For orilinary purposes, about 
half on ounce of sulphide of iron (eS), in small fragments, is 
placed in a bottle and is decomposed in the cold by an ounce of sul- 
phuric acid diluted with six or eight times its bulk of water; gas 
is immediately formed in abundance: the oxygen of the water 
enters into combination with the iron, forming oxide of iron, 
which dissolves in the acid, while the hydrogen takes up the sul- 
phur and escapes. 
FeS + HO, SO, = 1S + FeO, 8O,. 

As the sulphide of iron often contains a portion of metallic 
iron disseminated through it, the gas is commonly contaminated 
with free hydrogen. Fig. 265 shows a convenient method of 


Fie. 265. Fro, 266. 


mounting an apparatus for disengaging a continuous current of 
the gas from sulphide of iron. The cork through which the tubes 
pass is not fitted at once into the bottle, c or p, but is made to 
fit, a8 at a, into a piece of stout glass tube, open at both ends, 
such as is shown in fig. 266 ; this tube is ground so as to close the 
neck of the bottle air tight, like an ordinary stopper. ‘The appa- 
ratus, which requires to be frequently dismounted in order to be 
charged afresh, may thus be kept in n serviceable condition without 
the trouble or loss of time consequent on the frequent renewal of 
the corks which would be needed unless this expedient were adopted. 
‘The various small tubes are connected together by long pieces of 
vulcanized caoutchouc tubing. When the gas is required in a state 
of purity, 1 part of powdered sulphide of antimony is substituted 
for the sulphide of iron: in this case it is necessary to employ 3 
or 4 parts of hydrochloric acidl of sp. gr. 11, and to apply a gentle 





Sb8, + 3 HC] = SbCl, + 3 HS. 

Properties —Hydrosulphuric acid is a transparent colourless 
Bas, of a disgusting odour, resembling that of rotten eggs. Tt is 
highly poisonous when respired in a concentrated form, and even — 
when diluted with from 600 to 1200 times its bulk of air, is 
rapidly fatal to the lower animals, It ie inflammable, and burns 
with a pale bluish flame, depositing sulphur if the supply of air be 
inauflicient for complete combustion. Its density a little exceeds 
that of atmospheric air, 100 cubic inches weighing rather amore 
than 38 grains, 

Tha, proportion of hydrogen in. a given volume of ths gan etage 
be ascertained by heating some granulated tin in a small retort 
filled with sulphuretted hydrogen and inverted in a vessel of mer= 
cury: the sulphur combines with the tin, whilst the hydrogen’ 
which remains occupies when cold the same space as the gas before 
it was decomposed. Potassium cannot be employed instead of 
tin in this case, because, though it decomposes the gas, the sulphide 
of potassium which is formed enters into combination with another 
portion of the gas without decomposing it, 

Sulphurous acid and sulphuretted hydrogen in the presence of 
moisture, mutually decompose each other, half the oxygen of the 
sulpburous acid uniting with the hydrogen of the sulphuretted: 
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hydrogen, water and pentathionie acid being formed, whilst 
sulphur is deposited. For complete decomposition, 2 volumes of 
sulphuretted hydrogen, and 1 of sulphurous acid, would be requisite. 
flea peo BO ae 


which combines with one or other of the elements above mentioned. 

Under @ pressure of about seventeen atmospheres, sulphuretted 
hydrogen is reducible to a colourless, extremely mobile liquid, 
which freezes to a transparent mass at a temperature of —122° F, 

Water dissolves between two and three times its bulk of sul. 
pluretted hydrogen, producing a feebly acid liquid, which has the 
‘smell and taste of the gas. When exposed to the air, this solu 
tion becomes milky; the hydrogen is slowly oxidized, forming 
water, and the sulphur separates. If the oxidation of sulphu- 
retted hydrogen take place in a moist atmosphere, a little sul- 
pharie acid is formed, and this action is favoured by the presence 
of « base to combine with the newly formed acid. 

Sulphuretted hydrogen ix formed naturally under a variety of 
circumstances. Whenever a soluble sulphate remains in contact 
with decaying animal or yegetable matter, the sulphate loses 
oxygen, which combines with the clements of the decaying sub- 
stance, whilst sulphide of the metal remains. Sulphate af lime, for 
example, hy the abstraction of 4 equivalents of oxygen, becomes 
converted into sulphide of calcium. Thus, CaO, SO, —O,= CaS, 

In this way it is formed in many springs, such as those of 

giving to them their peculiar sulphurcous odour; 
and in a somewhat similar manner, sulphuretted hydrogen forms 
in large quantities in stagnant sewers and cesspoala, 

(356) Hydrosulphates, or Sulphides, — Hydrosulphuric acid 
though a feeble acid, combines readily with bases: for example, if 
the gas be transmitted into a solution of potash or solution of 
ammonia, it is rapidly abeorbed, hydrosulphate of potash, KO, HS, 

or hydrosulphate of ammonia HN, HS, being formed. Such 
solutions are, however, generally regarded as sulphides of the 
metals, because the hydrogen of the acid is exactly equivalent to 
‘the oxygen of the base, and is capable, as in the analogous case of 
the chlorides, of farming water and a metallic sulphide; for example = 

‘aren Poets Weber 
> aes) 
KO, HS may be regarded as KS + HO 
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‘Moreover, the action of sulphuretted hydrogen in cases in whicl 
it occasions a precipitate im the solution of a metallic salt, con= 
sists in the formation of an insoluble metallic : 

instance, sulphate of copper in solution is treated with sulphuretted 
hydrogen, an abundant black precipitate of sulphide of copper is 
produced, water is formed, and the liquid becomes acid from the tibe- 
ration of sulpburie acid. CuO, SO,+ HS, become HO, SO, +CuS, 

‘Sulphuretted hydrogen is in continual requisition in the labo- 
ratory as n test for the discovery of metallic bodies : it gives with 
many metallic salts, characteristic precipitates; for instance, 
with the compounds of lead it gives a black, with those of arsenic 
@ yellow, and with those of antimony am orange coloured pre- 
cipitate. Many metallic eolutions, such a8 those of zine, iron, 
Babasdigcciedrahet acidulated yield no precipitate with it, and it 
is therefore often employed, in the course of analysis, to separate 
these metals from others, which are thrown down by it in the form 
of insoluble sulphides. For this purpose a current of the gas is 
transmitted through the olution on which it is designed to act. 
Tn these cases it is always necessary to purify it from particles held 
in mechanical suspension, and carried over by the effervescence of 
the materials employed ; it is therefore first allowed to bubble wp 
throngh a Inyer of water in a Woulfe’s bottle interposed between 
the generator and the liquid to be submitted to its action. 

When the affinity between a metallic oxide and an acid is too 
great to be overcome by the action of hydrosulphurie acid, the 
sulphide may notwithstanding be obtained, provided that am alkali 
be simultancously presented to the acid of the metallic salt; this 
may casily be effected by mixing a soluble sulphide with the salt to 
be decomposed. Thus if sulphate of iron (FeO, SO,) be exposed to 
a current of sulphuretted hydrogen it will experience no change, but 
if mixed with a solution of sulphide of potussinm, x black precipitate 
of sulphide of iron (Pe) is immediately produced, while sulphate of 
potash is formed in the solution: FeO, SO, + KS= KO, SO, +FeS. 
‘The sulphides thus formed are very commonly hydrated compounds t 
when exposed to the air in their moist condition, many of them absorb 
oxygen rapidly, some being converted, like sulphide of nickel, into 
sulphate; NiS+40 give NiO, SO,: whilst others are simply con 
verted, like sulphide of iron, into fice sulphar and the metallie 
oxide; 2 FeS +3 O=Fe,0,+2 8. 

Hydrosulphuric acid has a strong disposition to combine with 
the soluble sulphides, Tt forms definite compounds with them ; 
thus sulphide of potassium combines with an equivalent of sul- 
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selenium two acids ; the first corresponding with sulphurous, and 
the second with sulphuric acid, 

(362) Sxtentovs Acip, (SeO,), Equivalent, 55°6, may be ob- 
tained by burning selenium in a current of oxygen, but it is usually 
prepared by boiling selenium with nitric acid or with aqua regia. 
‘The selenium is gradually oxidized, and dissolves ; the excess of 
nitric acid may be expelled by heat, leaving the sclenious acid as 
a white mass, which does not melt on further urging the heat, but 
sublimes below redness, forming a yellow vapour, Lae 
again in beautiful snow-white, prismatic, anhydrous needles. 
eae aiauaiers calle tolsich acc araooog aaa 
with a sour burning taste. Sclcnious acid is speedily deoxidized 
by iron or by zinc, which, when digested in the acid, occasions the 
deposition of the selenium in the form of a reddish-brown powder. 

Selenites—Most. of the selenites, except those of the alkalies, 
are insoluble in water, but soluble in nitric acid. With the alkalies 
three classes of salts are formed: neutral sclenites, which contain 
x equivalent of acid to 1 of base ; biselenites, with 2 equivalents of 
acid to 1 of base; and quadriselenites, with 4 equivalents of acid to 
tof hase, The selenites are easily recognised when heated on char- 
coal before the blowpipe in the reducing flame, by the peculiar 
odour of selenium which they emit; the sclenites in solution, when 
treated with sulphurous acid, give a reddish-brown precipitate of 
reduced selenium; SeO, + 2 SO, = Se + 2 SO,. 

(363) Seuzmic Acrp, (SeO,), Equivalent, 63'6, is best obtained 
by deflagrating selenium or any selenite with nitre. The residue is 
dissolved in water, and mixed with solution of nitrate of lead ; an 
insoluble seleninte of lead precipitates, which, if suspended in water, 
may be decomposed by a current of sulphuretted hydrogen. Sul- 

of lead is thus formed, and selenic acid is set at liberty: 
PLO, SeO,+HS=PLS+HO, SeO,. The acid may be separated 
hy filtration, and concentrated by evaporation till it has a specific 
gmuvity of 2°6; if heated beyond 550° it is decomposed into selenious 
acid and oxygen. Sulphurous acid ie without effect upon selenio 
acid, but acid decomposes it when heated with 
it, chlorine and selenious acid being liberated. In its properties it 
closely resembles sulphuric acid, and its salts are isomorphous with 
the sulphates of the same bases. 

Seleniates—Solutions af the seleniates give white precipitates, 
with salts of baryta, strontia, and lead, owing to the formation of 
insoluble seleniates of these bases. These precipitates are insoluble 
in dilute nitric acid. When the soluble seleniates are boiled with 

aq 
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rated from the sulphate of lime by pressure; the residce is further 
washed with water, and the washings are added to the filtered solu. 
tion, Tn this process the sulphuric acid is added in such quantity as 
partially to decompose the phosphate of lime ; two-thirds of the lime 
are removed by it in the form of an insoluble sulphate of lime, the 
remaining third being left in combination with the whole of the 
phosphoric acid, with which it forms a compound readily soluble 
in water, frequently described us superphosphate of lime (CaO, PO,). 
‘The reaction may be thus expressed in symbols :— 
Tone aah. ‘Bulph. acid. Superphosph, ime. ‘Buiph. timo, 
—_—_ a 
3. CaO, PO, +2 (HO, SO,)=2 IO, CaO, PO, +2 (CaO, SO,,) 


‘This acid solution ix evaporated to a syrup, then mixed with one- 
fourth of its weight of charcoal, and heated to incipient redness in 
an iron pot, stirring con- 
stantly. ‘The mass, when dry, 
is transferred to an earthen 
retort, a, fig. 268, which ix 
covered externally with a 
thin paste, consisting of a 
mixture of equal parts of 
borax and fire clay, to render 
‘the retort less porous. It 
is then exposed to a heat 
which is slowly raised to « 
fall red. Phosphorus gra- 
dually rises in yapour, and. 
is conveyed by means of a 
wide copper tube, bent as at 
4, 80 as to dip into water con- 
tained in a vessel which is 
provided with a smaller tube, open at both ends, for conveying the 
uncondensed gases into a chimney. The phosphorus condenses in 
Fellow drops. It is found necessary to convert the phosphate into 
superphosphate of lime, since the bone-nsh, when heated with char. 
eoal, docs not part with its phosphorus. The superphosphate of 
lime in contact with charcoal is decomposed ; the lime retains suf 
fisient phosphoric acid to reconstitute bone carth, which remains 

in the retort, while the excess of acid and the water 

which the mass always retains are decomposed by the charcoal - 
carbonic oxide, and phosphorus, are the results. 

Gaseous matters cacape, therefore, during the whole opera 
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tion: 3 (2 HO, CaO, PO,) = 3 CaO, PO,+6 HO +2 PO,; and 


2 PO, +6 HO +16 C=2P +6 H + 16 C0. 
To render the phosphorus perfectly pure, it is fused under 


under ammonia, and then under a solution of bichromate of potash 
| in dilute sulphuric acid. ‘The easy fusibility of phosphorus enables 
it to be moulded into sticks with facility; it is melted under 
| water and forced into tubes, in which it is allowed to solidify. 
A hey Properties.—Phosphorus is a soft, semi-transparent, colourless, 
looking solid, whieh fumes in the air, emitting white vapours 
wn alliaceous odour; when taken internally it acts as an irritant 
poison. Tt has a specific gravity of 1°83 at 56° F. (Schrétter). Tt fuses 
sg fe at 111% 5, and if melted under an alkaline liquid and allowed to'eoo! 
undisturbed, it will long continue fluid at ordinary temperatures, 
‘but when touched with a wire or a glass rod it solidifies suddenly. 
It is exceedingly inflammable, taking fire in the open air statem- 
perature very little above its fusing point. If it contain impurities, 
such as oxide of phosphorus, it takes fire still more easily. Great 
caution is therefore required in handling it; it is better always to cut | 
it under water. The burns occasioned by melted phosphorus are 
deep and often extremely severe, from the difficulty of extinguish- 
ing the flame, 
Phosphorus burns with a brilliant white flame, and emits dense 
white fumes of phosphoric acid. In close vessels it boils at about: 
» 4 550°, giving off a colourless gas, of which 100 cubic inches weigh 
on about 135 gains. ‘Phosphorus is insoluble in water: it is slightly: 
Poluble in cther, but more so in naphtha. It is freely dissolved by 
chloride of sulphur, and by the bisulphide of carbon ; by 





ix ‘olution in either liquid to evaporate slowly in = current of 

~ hydrogen or carbonic acid, the phosphorus may be obtained erys- 
2b lized in rhombic dodecahedra. 

pa Phosphorus is always preserved under water, as when exposed 


aboch 
ref hin? the air, it at all temperatares above 32° geadually combines with: 
| ~ oxygen, and undergoes a slow combustion ; under these cincum~ 
stances in a darkened room it) emits « pale greenish’ light:|(Qsnia 
its name, ‘ light-bearer,’) attended with the production of the white 
fumes and the garlic odour already mentioned. 'The luminosity 
‘of phosphorus is provented by the admixture of certain inflammable 
vapours and gases in minute quantity with the atmosphere; if air 
be mixed with cither «both of its bulk of oleflant gas, rvyoth of 
naphtha, or arsth of oil of turpentine, a stick of phosphorus no 
longer appoars luminous when exposed to its action (Graham). 4 
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Tris remarkable that in pure oxygen the Tuminosity is not fs ao 
observed until the temperature rises to 60°, unless the gas be. 6 
rarefied, or be diluted with some other gas. pew 

Borzelins states that phosphors may become luminous atj--~ 
ordinary temperatures without undergoing oxidation, but simply 
from its volatilization, sch relarderresye eine inert 
hydrogen, nitrogen, and even in the vacuum of the barometer ; 
Schréitter has shown, by eateth) nod consltlvelerperiseaiabab et 
palrasen where’ Nght spears to be exnitted dating thls volitiliaations £0 
itis due to the presence of traces of oxygen (Chem. Gaz. 

sone Di Different forms of Phosphorus. — Phosphorus assumes 

different forms under the influence of causes apparently 
ae ‘The transparent varicty has been already mentioned ; this, 
when kept exposed to light under water, forms a second variety, 
which is white and opaque, and somewhat less fusible. A third 
form is obtained by suddenly cooling melted phosphorus ; it is pers 
feetly black and opaque; whilst a fourth modification, analogous 
to viscous sulphur, mny be obtained by heating very pure phos- 
phorus to near its boiling point and suddenly cooling it. A fifth 
form occurs in the shape of red scales, which are obtained by the 
‘Spontaneous sublimation of phosphorus in the Torricellian vacuum 
when exposed to the rays of the sun. 

This red amorphous form of phosphorus has been carefully 
studied by Schréitter (dan. de Chimie, ULL xxiv. 406); in many 
of its properties it differs remarkably from the waxy-looking stick 
phosphorus. It may be exposed to the air without undergoing alter- 
ation or emitting any odour. It is not soluble in either bisulphide of 
carbon, terchloride of phosphorus, or naphtha. ‘The density of amor- 
Phous phosphorus exceeds that of the vitrcous form, the red powder, 
according to Brodie, having a specific gravity of 214. It may be 
heated in the open air without change till the temperature reaches 
§00° F.; at this point it melts and bursts into flame, and burns 
with the dazzling brilliancy of common phosphorus, emitting dense 
fames of phosphoric acid. If the operation be performed in a tube 
from which air is excluded, the red powder is found to be reeon- 
verted into ordinary phosphorus. Chlorine acts directly upon red 
Phosphorus without the application of heat: the temperature rises, 
but the phosphorus docs not take fire, When rubbed with 
chlorate of potash it detonates, very slight friction being sufficient 
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the wsual mode of preparing these matches, the ends of the pisoss 
of wood are first gummed and dasted over with sulphur, and then 
tipped with a mixture, in which the chief ingredients are an emulsion 
of phosphorus in glue, and chlorate of potash, or oxide of manganese, 
‘The manufacture is one ateatel nah oe) ee 
Hliommable and explosive nature of the ingredients uscd; but in 
addition to this risk, those employed in the business are linble to a 
distressing form of caries of the lower jaw, arising from the action 
of the fumes of phosphorus upon those who inhale them. Of these 
evils, the first would be greatly lessened, and the second altogether 
avoided by the use of the amorphous 


quantity of dried common 
fig. 269, to the neck of which a long narrow tube, 6, bent down- 


ward, is attached ; the open end of this tube dips into a little mer- 
eury; the air in the flask is displaced by means of a current of 
carbonic acid, which is supplied from the bottle, x, aud dried by 
passing through the tube, ¥, filled with chloride of calcium; the 
tube is then sealed at the narrow portion, a, and the apparatus 
ich supplied the carbonic acid is removed. Heat is next 
to the flask by means of an oil bath, c: the phosphorus 

by regulating the heat steadily between 450” 





and 460°, by means of the thermometer, ¢, and maintaining it for 
thirty or forty hours, almost all the phosphorus will become con- 
verted into the solid amorphous variety. When the change 
appears to be complete, the apparatus is allowed to ool; hisulphide 
‘of carbon is then poured upon the mass in the flask, and digested 
‘on it for some hours ; this is poured off, and fresh bisulphide added, 
the digestion being repeated as Jong as any phosphorus dissolves ; 
this may be known by allowing a few drops of the decanted 
liquid to evaporate spontaneously in a watch glass; any dissolved 
phosphorus will be left behind, 

‘The red powder thus obtained, if not quite free from unaltered 
Phosphorus, takes fire spontaneously; but if quite pure, it suffers 
no change by exposure to the air, The higher the temperature at 
which the transformation is effected the deeper is the colour, which 
in the finest specimens rivals that of vermilion, By heating the 
phosphorus more strongly during its preparation, the change may 
be produced much more rapidly, but the phosphorus then ussumes 
the form of coherent flakes, which are more difficult to purify and 
to detach from the vessel in which they are prepared. ‘This form 
‘of phosphorus has been manufactured at Birmingham, by Messrs, 
Sturge, on a considerable scale. The process, however, requires 
‘much care, and is not unattended with danger, os if the red powder 
be hentod up to the point at which its re-conversion into the 
transparent variety takes place, the whole mass suddenly passes 
buck into the ordinary form, with a copious evolution of heat, fol- 
lowed by the sudden formation of a large volume of the vapour of 
phosphorus. ‘The amorphous phosphorus, therefore, appears to con- 
tain a large amount of heat in the latent condition, which is 
liberated as it passes back into the vitreous state, The changes 
produced by heat in phosphorus may be readily watched by placing 
& few fragments. of well dried phosphorus in a tube, upon which 
two or three bulbs have been blown, then expelling the air by a 
current of carbonic acid, and sealing one end of the tube; the open 
ent being made to dip into mercury. On applying heat to the phos- 
phorus it becomes red, but on continuing to raise the temperature 
it distils over im perfectly colourless transparent drops, which 
frequently remaim liquid for some hours, though they ultimately 
solidify to @ transparent, colourless mass. 

Owing to its strong affinity for oxygon, phosphorus reduces 
‘some of the oxidized compouncls of the metals to the metallic 
state: a stick of phosphorus placed in a solution of chloride of 
gold or of nitrate of silver becomes speedily incased in reduced 
gold or silver. 





(367) Phosphorus forms four well defined compounds with — 
oxygen. ‘Three of these possess an acid character >— 


ab, which is closed at top with a sound cork; the bottle, f, is con- 
nected by the tube, 7, with an aspirator, or other convenient means of 
maintaining a continuous current of air through the apparatus: the 
tir as it enters is thoroughly dried by passing over pumice moistened 
with sulphuric acid, in the tube, d. A fragment of well dried phos- 
phorus is placed in the dish c, and kindled by touching it with a hot 
wire. As the phosphorus burns away fresh pieces are added through 
the aperture a, which is again immediately closed with the cork, 
Phosphoric acid is thus obtained as a snow-white, floeculent, un- 
crystalline, anhydrous, but extremely deliquescent, powder. When 
dropped into water it combines with it, emitting a hissing noise; 
the greater part instantly dissolves, leaving a few gelatinous floceuli, 
which slowly disappear. After it has once been dissolved it cannot 
again be completely deprived of water, unless it be made to enter 
into combination with a base, such as soda or oxide of lead. 





‘The base in this case unites with the acid and displaces the 
water, 

(369) Hydrates of Phosphoric Acid—In a hydrated state the 
acid is generally procured by boiling phosphorus in nitric acid 
diluted till of a specific gravity of 120. The phosphorus becomes 
oxidized by the nitric acid, which i decomposed with escape of 
deutoxide of nitrogen, and the phosphoric acid dissolves as it is 
formed. When the phosphorus has all disnppeared, the excess of 
nitric acid is expelled by evaporating the liquid in a platinum 
‘yeasel until dense white famcs begin to arise: on cooling, the acid 
solidifies to a transparent glassy mass, frequently termed glacial 
phosphoric acid. The glacial acid is extremely deliquescent, pro- 
dueing a solution which, when saturated, has a sp, gr. of a0, It 
is inteasely acid but not caustic, 

‘The oxidation of phosphorus by nitric acid furnishes an easy 
‘means of ascertaining the composition of phosphoric acid. Por this 
purpose, 42 grains of phosphorus are boiled in # glass retort with 
pare dilute nitric acid. The greater part of the excess of water 
end nitric acid having been distilled off, the acid solution is added 
to 350 grains of oxide of lead, in a weighed platinum dish: the 
liquid is slowly evaporated and the residue ignited; by a red heat 
the whole of the nitric acid is expelled, and the phosphoric acid 
alone remains in combination with the lead. The oxide and acid 
together will be found to weigh 422 grains, showing an increase 
in weight upon the phosphorus and oxide of lead of go grains: 
32 parts of phosphorus therefore require 40 parts of oxygen for 
conversion into ic acid. 


A less pure acid is procured by adding to a solution of super- 
phosphate of lime (prepared from bones by the process already 
deseribed as a preliminary step towards procuring phosphorus) 
carbonate of ammonia till effervescence ceases; tribasic phosphate 
of lime is precipitated, Jeaving phosphate of ammonia in solution. 
‘The precipitated phosphate of lime is separated by filtration, the 
liquid evaporated to dryness, and the residue ignited. Ammonia 
is expelled, and phosphoric acid (contaminated with all the soluble 
salts which the bones contained) remains behind. 

Hydrated phosphoric acid cannot be completely deprived of 
water by ignition; for when heated to redness, the acid sublimes 
with the water. There are three different hydrates of phosphoric 
acid, each of which possess the properties of a distinct acid: vis. 





glacial 
carbonate of soda be then added until the solution 
alkaline, a tribasic phosphate of soda and water (2 
PO, +24 aq) is obtained, which on crystallizes 
‘transparent rhombic prisms. If this solution be mixed with 
of silver, also in solution, a canary-yellow precipitate of tribasie 
phosphate of silver, 3 AgO, PO, is formed. Although this solution 
was neutral or ¢lightly alkaline before admixture with nitrate of 
silver, it will be found afterwards to have a decided acid reaction, 
nitric acid being liberated; 2 NaO; HO, PO, +3 (AgO, NO,J= 
2 (NaO, NO,) +HO, NO,+3 AgO, PO,. Acetate of lead may be 
used as a precipitant instead of nitrate of silver, and in this case a 
white triphosphate of lead, PbO, PO, subsides, If this phosphate 
of lead be well washed, suspended in water, and exposed to the netion 
of current of sulphuretted hydrogen, pure tritohydrateot 
acid is liberated and dissolves in the liquid, whilst the black insoluble 
sulphide of lead is formed ; 3 PbO, PO,+311S=3HO0, PO, +3 PbS. 
By filtration, the sulphide of lead is removed, and the acid may be 
obtained, by evaporation in vacuo over sulphuric acid, in deliques- 
cent crystalline plates. It requires 3 equivalents of a base for 
saturation, ‘The salts of this hydrate form the common tribasie 
phosphates. 

The soluble salts of this variety of phosphoric scid are charac- 
terized by the yellow phosphate of silver which their neutral solutions 
form with nitrate of silver, and by the crystalline precipitate which 
they yield when a clear solution of sulphate of magnesia, rendered 
alkaline by ammonia, is briskly stirred with them ; this precipitate 
is insoluble in water which contains free ammonia; it consists of 
(2 MgO, NH,O, PO,+12 HO); when ignited, it becomes con- 
verted into (2 MgO, PO,), and is frequently employed as a means 
of estimating the amount of phosphates in solutions which con- 
tain them. Neutral solutions of the phosphates give precipitates 
with salts of baryta and lime; the phosphates of baryta and lime 
dissolve readily in acetic acid. The quantity of phosphoric acid in 
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a solution may also be ascertained, if neither sulphuric nor bydro- 
chlorie acid be present, by means of acetate of lead; the solution, 
before this salt is added to it, should be neutralized by ammonia, 
and then acidulated freely with acetic acid ; the precipitate, (2 PbO, 
HO,PO,), should be well washed and ignited, after which it becomes 
anhydrous. With seaquioxide of iron phosphoric acid formas an inso- 
luble buff-coloured precipitate, (Fe,05, PO,), which is also sometimes 
employed to estimate the quantity of phosphoric acid in a solution, 

(371) Deutohydtrate, or Pyrophosphoric Acid, (2 HO, PO,).— 
When rhombic phosphate of soda, 2 NaO, HO, PO, + 24.24, is exe 
posed to heat, it melts in its water of crystallization ; and by con- 
tinuing to apply to it a temperature not execeding 300° F., it may 
‘be reduced to a hard, white, saline maas, which may be redissolved 
in water with all its former properties, The dry mass consists of 
2 NaO, HO, PO,. If however it be heated to reduess before redis- 
solving, 1 equivalent of water is expelled; the residue ix found to 
consist of 2 NaO, PO,, and the phosphoric acid is reduced to the 
dibnsic variety ; for on redissolving it in water and evaporating the 
solution, the liquid no longer yields rhombie crystals, but furnishes 
acicular crystals, composed of 2 NaO, PO,, 10.4; and the solution, 
instead of yielding a yellow precipitate with nitrate of silver, now 
gives a white one, consisting of 2 AgO, PO,. In this case the 
solution, if neutral before intermixture with the silver ealt, remains 
neutral afterwards, as no free acid is liberated :-— 


2(AgO, NO,) +2 NaO, PO,=a(NaO, NO,) +2Ag0, PO, 


With solution of acetate of lead this salt also occasions awhite 

‘ipitate, the composition of which is represented by the formula 
2 PbO, PO;: and if the lead salt be decomposed with sulphuretted 
hydrogen, it yields the deutohydrate of phosphoric acid, 2 HO, PO, 
‘The excess of sulphuretted hydrogen must be got rid of hy expo. 
‘sure to the air, (not by heat, otherwise the tribasic hydrate is 
formed,) and the acid may be obtained in crystals by evaporation 
in vacuo over sulphuric acid. The dibasic phosphate of soda, from 
‘the mode in which it is obtained, ix often termes! the pyrophosphate 
of soda, and the corresponding dibasic salts of the acid, pyroplos- 
phates. No solid pyrophosphate of potash or of ammonia can be 
‘Obtained ; these salts are stable while in solution, but on evapora. 
tion they become converted into tribasic phosphates by the assimi- 
Kation of water. (Graham.) 

(372) Protohiydrate, or Metaphosphorie Acid, (HO, PO,).—If in 
preparing the rhombic phosphate of soda, (370) two equal portions 





aca, of sl, 820, PO, il oma, ne rm ran 
nitrate of 


silver a gelatinous white precipitates different ia appearance and 
estceite foes ttt thesia Vora ee 
tains AgO, PO,, and is soluble in excess of the soda salt. With 
Lerelnteablind aensrereea a 
fusible in boiling water, and when 
hydrogen, Veyials Gi tovtalydnste of the od 00, Bose an 
distinguished from the other hydrates by its power of coagulating 
the albumen of white of egg. Acetic acid docs not 
men, neither does a solution of metaphosphate of soda; but if the 
two solutions be mixed, the acetic ncid liberates metaphosphorie 
acid, and the albumen becomes coagulated. Metaphosphate of soda 
is capable of combining with water of crystallization, and retains 
1 equivalent if dried at 212°; this water is not basic, for on again 
dissolving the salt, it gives the usual reactions of the metaphos- 
phates. If however the salt be heated to 300°, it does not lose 
weight, but becomes converted into the acid pyrophosphate of soda, 
the water by the application of heat having changed its function 
in the salt, and having naw become basic, 

Hiyitrated motaphonphate, eyrophowpata of ante ani water. 

NaO, PO, + HO becomes NaO, HO, PO, 


Se rite salt, without any change in the 


coe lrapeteicnpemehe by « change in molecular /eonsti- 
tution, may sometimes give rise to substances, the properties of 
which may be very different, though the results of their analysis 
in 100 parts may numerically coincide. 

Metaphosphate of soda forms with salts of baryta a white 
insoluble metaphosphate of baryta, BaO, PO, ; but when boiled, it 
gradually dissolves, and assimilates 2 equivalents of water, becom- 
ing converted into the acid tribasic phosphate of baryta, (BaO, 
2 HO, PO). The compounds of this hydrate of phosphoric acid 
are all monobasic, ‘Their solutions fecbly redden litmus. 
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‘The aqueous solution of the protohydrate of phosphoric acid, _ 
when boiled, becomes converted into the tri consequently 
it cannot be concentrated by the action of heat: but the solution 
anay be preserved ut common temperatures without change, 

‘Most of the preceding facts relating to the phosphates are 
firswn from the important investigations of Mr. Graham (Phil. 
Trans. 1833). 

Modifications of Metaphosphoric Acid —Fleitmann and Henne- 
berg (Liebig, Ana. Ixv. 324) have described two new classes of 
phosphates intermetiate between the metaphosphates and pyro- 
phosphates, By melting pyrophosphate and metaphosphate of soda 
together, in the proportion of an equivalent of each, they obtained 
a salt consisting of (3 NaO, 2 PO,); and by fusing 4 equivalents of 
the metaphosphate of soda with 1 of the pyrophosphate, a definite 
soda salt was obtained, which consisted of (6 NaO, 5 PO,); both 
these salts are yery unstable, and in solution pass quickly into a 
mixture of pyrophosphate and metaphosphate. Definite salts of 
silver and of magnesia corresponding to these compounds were 
obtained. 


Tf the glassy metaphosphate of soda be fused, and allowed to 
cool very slowly, it furnishes a beautiful crystalline mass, which, 
when dissolved in a small quantity of hot water, forms a liquid 
which divides into two strata; the smaller of these contains un- 
changed metaphosphate of soda; but the bulk of the liquid is a 
solution of the crystalline salt, which may be obtained on 
tion; this solution is neutral aud has a saline taste, whilst that of 
the ordinary or vitreous metaphosphate is insipid. he crystalline 
salt, by boiling, is rapidly converted into the acid common phosphate 
(NaO, 2 HO, PO,) ; a silver salt, consisting of 3 (AgO, PO,) +2 HO, 
may be obtained from the crystalline soda salt by precipitation. 

Mr. Maddrell obtained a series of monobasic metaphos- 
phates which were anhydrous, crystalline, and insoluble in water, 
but soluble in oil of vitriol. Ticy were formed by heating a solu- 
tion of the sulphate, or nitrate of the base with an excess of phos- 
phorie acid, until the sulpburic or other acid of the salt was expelled. 
Salts of potash, soda, alumina, copper, nickel, &c., were thus pro- 
eured. The soda salt, if prepared with phosphoric acid which 
‘contains magnesia, or any base isomorphous with it, forms an in- 
soluble double metaphosphate. Tho magnesian salt is crystalline, 
and consists of 3 (MgO, PO,)+Na0, PO,. 


G73) ‘Paosrucnovs Actin, (PO,) ; £q., 56.—This body is pro- 
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48 is more probable, HO, PH, O, (Wurtz). — This compound 


in the anhydrous form. Tn a hydrated 
condition it may be procured by Rose's method of boiling phos- 
phorus with barytain water. Phosphuretted hydrogen escapes, and 
on evaporation a baryta salt is obtained, composed of BuO, PH,O,, 
owing to the following decomposition: 3 BaO+4 P+9HO= 
3(BaO, PH,O,)+H,P ; and on adding sulphuric acid cautiously, 
pure hypophosphorous acid is obtained in solution, whilst the 
Riri tlamiencioA cx wxlpbata of haryta, Hypophosphorous acid 
forms an uncrystallizable syrup, which has a eour, bitterish taste ; 
its acid properties are but feebly marked, and its solution , 
absorbs oxygen from the air. When heated it firat loses water ; 
and by a stronger heat it is decomposed, and emits phosphuretted 
hydrogen, whilst phosphoric acid is set free : far example, 
a(1L0, PH,0,) =(3 HO, PO,) +H,P. 
Owing to the partial decomposition of the phosphuretted hydrogen, 
a little phosphorus is generally deposited at the same time, and a 
corresponding quantity of hydrogen is liberated. 

‘The researches of Dulong, of Hose, and-especially of Wurtz (Ann, 
de Chimie, ULL. vii. 35, aud xvi. 191), have shown that all the hypo- 
phosphites retain 2 equivalents of water, which are exxential to 
their composition ; the acid requires one equivalent of base for its 
saturation, ‘The baryta salt, for example, may be represented as 
BaO, PH,O0,; and hypophosphite of lead as PbO, PH,O, They 
correspond therefore to the monobasic phosphates, but 2 equiva~ 
Jents of hydrogen have taken the place of 2 equivalents of oxygen 
in the phosphoric acid. ‘Tho hypophosphites are all soluble in 
water, and those of the alkalies dissolve also in alcohol: many of 
them crystallize casily ; the crystallized salts may be preserved un- 
changed, but their solutions when evaporuted at a high temperature, 
‘are gradually converted into phosphates by absorption of oxygen. 
Like phosphorous acid they reduce: gold and silver from their sults. 

acid is distinguished from phosphorous acid 

by @ remarkable reaction with the salts of copper; if to an excess 
“of free hypophosphorous acid n solution of eulphate of copper be 
added, and the liquid be warmed to about 130° F., a solid insoluble 
of eee eas tates. On raising the liquid to 

this hydride is decomposed into hydrogen gas 





are three in number; viz. HyP; H,P, and HP, 
gaseous, the second liquid, and the third solid, at ordinary 
ratures. 


Puosrnunerren Hypxoces Gas, (HyP); Ervin 351 
Specific Gravity, 1185; Combining Volume, 4.— r 
hydrogen is a highly inflammable colourless gas, with 
alliaccous odour; it is slightly soluble in water; when 
through certain metallic solutions, such as those of copper or of 
mercury, it ix absorbed and decomposed ; phosphides of the metals 
are produced and are precipitated. When the gas is pure it is 
wholly absarbed by a solution of chloride of lime. pret 
gus with air or with oxygen explodes at a temperature of goo", or 


sometimes even at common temperatures, if the pressure be sud~ 
denly diminished. this gas, 1 volume of the vapour of phos- 


exhibit any marked iota Some indication of a basic 
character is, however, sl wn by it, as it combines with certain of the 
acids in definite proportions. For example, its compound with: 
hydriodic acid (HP, H1) is formed by the union of equal volumes af 
the two gases; it crystallizes in cubes, which fasc at a moderate heat, 
and if air be excluded, it may be sublimed without alteration. ‘These 
crystals are deliquescent, and are decomposed by water into hydri- 
odie acid and phosphuretted hydrogen gas. This compound ix 
easily prepared by introducing into a small retort t27 parts of dry 
iodine ground up with powdered glass, and 32 parts of phosphorus in 
small fragments; then adding 20 parts of water; the vapours which 
come off consist of this compound mixed with an excess of hydri- 
odic acid ; the hydriodate of phosphuretted hydrogen condenses in 
in the neck of the retort, if it be kept coal. 

Phosphuretted hydrogen likewise combines with the perchlorides 

of many of the metals, such as those of tin, titanium, antimony 





acid by heat; 4 (210, PHO, = 3 (HO, PO,) + H,P. 

‘This gas, however, is generally prepared by heating fragments 
of phosphorus with a strong solution of hydrate of potash, or 
with cream of lime; hypopbosphite of the base is formed, with 
extrication of phosphuretted hydrogen; P, + 9 HO +3 KO = 
3 (KO, PH,0,) + HP. ‘The gas so obtained has the remarkable 
property of spontancously taking fire in atmospheric air or in 
oxygen gas; if allowed to escape into the air in bubbles, each 
bubble as it breaks produces a beautiful white wreath of phos- 
phoric acid, composed of a number of ringlets revolving in vertical 
planes around the axis of the wreath itself, a8 it ascends; thus 
tracing before the eye, with admirable distinctness, the rapid 
gyratory movements communicated to the superiucumbent air by 


to the spontaneous inflammation of the gas it should (to avoid 
danger) always be made in small vessels containing but little atmo- 
spheric air. Mr. Groham has shown that the addition of small quan- 
tities of the vapour of some inflammable bodies, such as ether, 
naphtha, and turpentine, destroy this self-lighting power; and that 
porous bodies, such as charcoal, also remove it. On the other hand, 
the gas obtained from phosphorous acid is not self-Jighting, but the 
addition of so small a quantity as robouth of its bulk of nitrous 
‘acid gas, confers this property upon it, 
(377) Liquid Phosphide of Hydrogen, H,P, or HyP,.—The 
i of spontancously igniting when mixed with froe 
oxygen which phosphuretted hydrogen possesses in certain cases, 
long remained without explanation, as a careful analysis indicated 
little or mo difference in composition between the self-lighting gas 
and the other variety which doca not possess this property. M. P. 
‘Thénard has lately shown that the self-lighting power depends 
upon the presence of a minute quantity of the vapour of another 
phosphide of hydrogen, Hy Ps, which takes fire the instant that 
unoombined oxygen is presented to it (dan. de Chimie, UL 
iv. 5). Atordinary temperatures this compound exists asa volatile 
yellowish liquid, which vite hai 
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@ specific gravity of 1616, at 32°; it fumes in air, and boils at 173°4. 
It dissolves phosphorus freely. It is immediately decomposed by 
@ large excess of water, and forms phosphorous and hydrochloric 
acids; PCL, + 5HO = PO, + 3HCl. 

Terchloride of phosphorus is often prepared by transmitting 
the vapour of phosphorus over corrosive sublimate placed in a long 
tube, and gently heated. 

Pentachloride of Phosphorus, (PC\,); Eq., 209°5—This com- 
pound is obtained by placing dry phosphorus in a flask provided with 
® stopcock, exhausting the air, and allowing chlorine to enter so 
Jong as it is absorbed; or it may be formed by treating sesqui- 
chloride of phosphorus in a tall glass with an excess of chlorine ; 
it forms o white crystalline solid, which yolatilizes below 212° 
whilst still solid, but it may be fused under pressure; its boili 
point, according to Mitscherlich, ix 296° F. In the flame of a 
lamp it burs, producing chlorine and phosphoric acid; with 
ammonia it combines readily, It is very deliqnescent, and by 
large excess of watcr is immediately decomposed into phosphoric 
sind hydrochloric acids ; PCI, + 5 HO = PO, + 5HCI. 

If the vapour of water be allowed slowly to mingle with that 
of the pentachloride, hydrochloric acid and an oxychloride of phos- 
phorus, PCI,O,, are gradually formed; the latter, according to 
Wnriz, is a Fimpid, volatile, fuming liquid, of sp. gr. 1°, which 
boils at 230° F. Water decomposes it into phosphoric and hydro- 
ehioric acids. 

With sulphuretted hydrogen pentachloride of phosphorus pro- 
uces hydrochloric acid, and a sulphochloride of phosphorus, con= 
sisting of PCIS,. It is a fuming, colourless liquid, which boils at 
257°. Warts finds that this sulphochloride of phosphorus, if heated 
with a solution of caustic soda in exeess, exchanges its chlorine for 
oxygen ; chloride of sodium forms, and a sulphoxyphosphate of soda 
may be obtained in six-sided tabular erystals which contain 24 
equivalents of water. The composition of this salt is analogous to 
that of the tribasic phosphate af soda, but the two are not 
feomorphous, ‘The following equation explains the changes which 
accompany its production :— 

PCLS, + 6 NaO = 3 NaO, PO,S, + 3 NaCl. 


‘One half of the soda is decomposed, imparting its oxygen to the 
(EE ee alcmtndalia sania 


See tietatcn Paicnncare soto tolls bpaoettctin 
und 
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slowly oxiclized, with formation of phosphoric acid, and if projected 
into fused hydrate of potash, it is decomposed with incandescence ; 
phosphate of potash being formed, whilst ammonia and nitrogen 
are disengaged ; bot it is remarkable that dry chlorine, and hydro- 
chloric acid gases, and the vapour of sulphur, are without action 
upon if, even at a red heat; and it is but very slowly attacked by 
concentrated nitric acid. Solutions of the alkalies excrt scarcely 
Any action upon it, When heated in hydrogen, ammonia is formed. 
Técombines with sulphuretted hydrogen, and if heated in a current 
of the gas it slowly sublimes in the form of a white powder, Ace 
cording to Gerhardt, however, the so-called phosphide of nitrogen 
contains hydrogen, and is really HNP. 

(82) Suteuimes or Prosrnoxvs.— Sulphur and phosphorus 
may be melted together in all proportions: several definite com- 
pounds exist between them, and, according to the researches of 
Berzelias, these compounds correspond in composition with the 
oxides of phosphorus; and in addition to these, a compound, PS,» 
may be formed. All the sulphides of phosphorus are more fusible 
than either element separately, and are exceedingly inflammable: 
most of them crystallize. ‘They combine with the alkaline sul- 
phides, and form a series of definite sults. 

The combination of sulphur with phosphorus should be gradu~ 
ally effected under warm water; great heat is extricated by their 
union, and the experiment requires to be conducted very care. 
fully, in order to avoid explosion. 


CHAPTER V111. 
SILICON AND BORON. 
§ I. Stxicon, ox Sucrom. 
Symbol, Si; Equivalent, 14°24. 

(383) Stzrcox when in combination with oxygen is the most 
abundant solid constituent of the earth’s crust. To obtain the 
element in its uncombined form, fluorspar and fine quartrose sand, 
‘or ground flints, are heated with concentrated sulphuric acid; o 
gaacous fluoride of silicon is formed, which partially dissolves in 
‘water, producing an acid solution. This acid liquid, when neutra- 
Tized with a solution of potash, yields a spuringly soluble salt 
(KP, SIF). This silicofuoride of potassium is to be thoroughly 
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fluoric and nitric acid: though it is oxidized but very slowly when 
fused with hydrate of potash. This form of silicon was obtained by 
acting with hydrochloric acid upon a silicide of aluminum, pro- 
cured by the electrolytic decomposition of en impure double 
ehloride of eodium and aluminum. 


(384) Stexcre Actw,or Silica,(SiO,); Eg., 3" '24.—Silicon appears 
to form only a single oxide. Some difficulty is therefore experienced 
in deciding on the number of equivalents of oxygen that it contains, 
‘According to Berzclius the two elements are united in the proportion 
of 48/02 of silicon and 51°98 of oxygen; and the same eminent 
chemist represents it ax a teroxide. There are, however, reasons 
which render it more probable that it contains only 2 equivalents 
of oxygen, and that it corresponds in composition to carbonic acid: 
for example, one equivalent of chloride of silicon, when converted 
into vapour, instead of forming an exception to the general rule, as 
it does upon the theory of Berzclius, would then produce two 
volumes af vapour as usual: and in decomposing fused carbonate of 
toda by the addition of finely divided silica, it is found that the 
whole of the carbonic acid is expelled when the proportion of silica 
is to the carbonate as 31 to 54. Gmelin hus calculated the 
formule of the natural silicates upon this supposition, and his 
formulw have been adopted by Brooke and Miller in their treatise 
‘on mineralogy. This view bas the advantage of greater simplicity, 
‘and it will be employed in this work. The formula for silica will 
therefore be SiO,, instead of SiOs which is given in the table at 
Pp: 18+ and the equivalent of silicon is, therefore, 14°24, instead of 
args. 

_ Pare silica occurs crystallized in six-sided prisms, transversely 
striated, and terminated by six-sided pyramids, in rock erystal and 
in some forms of quartz. It is nearly pure in agate, flint, caleedony, 
‘snd opal; it constitutes the principal ingredient of all sandstones; and 
‘it enters Jargely into the composition of felspar, and a vast variety 
of minerals. Pure silica is perfectly transparent and colourless ; in 
hardness it approaches the precious gems ; it has a specific gravity 
of 2%. A heat as intense as that of the oxyhydrogen blowpipe is 
‘required for its fasion ; it then melts to a transparent glass, which 
smay be drawn out into fine, flexible, clastic threads. Native silicn 
is insolable in water, and in all acids except the hydrofluoric. It 
is not volatile when heated alone, but when heated in a current of 
steam it undergoes partial sublimation, and is thus frequently 
found in the throats of furnaces, forming coucretivaary nodules, 

resembling caleedony in appearance. 





small quantities to the melted mass ; ones 
effervescence, dua to the scape of carbanio acid, 
‘soon as the addition of the mineral ceases to pro 


drate, which, shag neha forms a white earthy powder 
no longer eoluble in acida: after being well washed with acidulated 
water as long as anything dissolves, and then dried and ignited, it 
is perfectly pure. In this form silica, like charcoal and other 
porous bodies, rapidly absorbs aqueous vapour from the air, without: 
becoming sensibly moist. Whilst in this extreme state of subdivi- 
sion, its particles, when heated, exhibit a singular mobility ; they 
(how slinoat like “w liquid when tho <racible containing <heaganaaal 
clined, and they are scattered by the least breath of air. Perfectly 
pure silica may also be procured by transmitting the gascous 
fluoride of silicon into water; part of its silica is deposited in white 
floceuli, which, if washed and ignited, yield silica of snowy white 
ness. Silien may likewise be obtained nearly pure by heating 
colourless quartz to redness, and quenching it in water; the 
‘mineral by this treatment becomes friable, and is then casily ree 
duced to a fine powder: common flints treated in a similar manner 
give a very white powder, which is nearly pure silica. 

(985) Hydrates of Silicic Acid—Insoluble however as silica 
generally appears in water, a modification of it exists which dissolves 
completely, though sparingly. When dissolved it furnishes  taste- 
Jes solution, which does not redden litraue; and when evaporated 
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at a gentle heat, the solution leaves «semi-transparent mass, which 
by further desiccation crumbles to a white powder. This white 
powder is generally stated to be soluble in dilute acida; bat 
M. Doveri (Ann, de Chimie, U1. xxi, 47) has shown that this is 
mu error, arising from the perfect transparency which the hydrate 
of silica nasumes when treated with dilute acids. If the solution 
be filtered, nearly the whole of the silica remains on the filter in the 
form of transparent jelly. Silica, in fact, when once deposited, 
even in the gelatinous form, is almost insoluble either in water or 
in acids; but a large amount of silica dissolves, in certain cases, 
at the moment of its liberation from some of its compounds 
whieh are already in solution. For instance, if a dilute sola- 
tion of an alkaline silicate be poured into a considerable excess 
of hydrochloric acid, the whole of the silica is retained in solution : 
but from this acid solution it may be precipitated by the gradual 
addition of potash, so as to neutralize the acid: and if to a solu- 
tion of an alkaline silicate in water hydrochloric acid be gradually 
added, the silica precipitates in a gelatinous form in proportion as 
‘the alkali is neutralized. 

fing to the experiments of M. Doveri, gelatinous silica, 
if dried at the ordinary temperature of the air, in vacuo over sul- 
phurie acid, retains about 17 per cent. of water, which corresponds 
to the sesquihydrate, 2 HO, 3Si0,. Lf dried at 212°, half thie quan~ 
tity of water is expelled, and a definite hydrate (HO, 3iQ,) is left; 


tion of silicate of potash in mixed with perenne 
A precipitate, consisting of silicate of copper and of hydrate of zilica, 
is formed ; after washing the precipitate by decantation, it is treated 
with hydrochloric acid, which dissolves the silicate of copper; the 
liquid is filtered from a portion of undissolved silica. On transmit- 
SS plead laborer oeiraainet ted 

‘the copper is wholly precipitated as sulphide, whilst the solution 
retains pure silica disolved in hydrochloric acid: the excess of sul- 
phuretted hydrogen is easily expelled by heat. ‘The hydrochloric 
solution of silica, if placed in vacuo over quick lime, as it evaporates 
Yields sesquihydrate of silica, partly in the form of a white amor- 
phous powder, but chiefly in that of radiated tufts of plates, or 
nitedie-shaped crystals, which are transparent, and poewess a high 


Mr. Way (Quart. Journ, Chem. Soc. vi. 102) hax recently called 
(nell detain en 








sritcarns, ois 
large number of other common minerals, are compounds of this 
Rbeeripti 


Silica combines with bases in several different proportions ; 
most of its compounds are found in the form of erystallized 
minerals, many of which are double silicates of very complex com- 
position. ‘The combinations with bases which are of most usual 
occurrence belong to one or other of the following classes — 

Rxamplea, Formule, 
Silicate of limo —_-2CaO, 38i0, 
2MO, 310, or Soaqusiionen ) Yeats Si 3 MgO, 3810420 


san {es | 0.80, 
MO, $i0, Neutral sliontee } 30 oi ; 
wileats af soppor} | 20+ 8i0, + HO 

2MO,SiO, Dibasicsilicatos {PU inter 3 hOB BOT 

icatos. ‘The comporition of many of the ordinary ynricties 
0,80, { "3 ot geen: may id pptachastrsly rvine represented by mixtures of 
Tn the above formulm, MO stands for 1 equivalent of any metallic 
protoxide, such as lime, magnesia, or protoxide of iron. 
Most of the silicates are fusible; their fusibility increases 
by mixture with cach other ; those which contain readily fusible 
oxides melt at the lowest temperature, and in general the basic 
silicates fuse more readily than those which are neutral in composi- 
tion, or which contain excess of acid. All the silicates are insoluble 
in water, with the exception of silicates of the alkalies which contain 
a large amount of base. The hydrated silicates, and those which 
contain the largest proportion of base, are those most easily decom. 
posed by acids; but the anhydrous neutrol and acid silicates of 
the earths are not decomposed by any acid except the hydrofluoric. 
The silicates may be detected by fusing them with carbonate of 
soda or of potash, and then heating the residue with acid, and evapo- 
rating to dryness; on treating what is left with hot water, the 
silica remains undissolved in the form of a white powder, which, 
when fused with carbonate of soda upon platinum foil before the 
blowpipe, yields a colourless bead of glass. 

The acid character is so feebly marked in silica, that the ordi- 
nary vegetable acids, such as the acetic, oxalic, and the tartarie, pre- 
‘cipitate silica from its combinations with the alkalies; and a current 
of carbonic acid gas, or even the gradual absorption of carbonic acid 
from the atmosphere, produces a similar result. At a high tem- 

_ perature, however, the action is reversed; for ax silica is not 
to any perceptible extont by the heat of a furnace, it 














decomposes the carbonates and the salts of all the: 
when ignited with them; thus even the sulphates yield 
bases to the silica, whilst the sulphuric acid is expelled. 

(387) Scurmume or Siricon, SiS,; Equivalent, 46°24—A ule 
phide corresponding in composition to silicic acid is formed by 
transmitting the vapour of bisulphide of carbon over a mixture of 
finely divided silica and carbon: and when either compact or pul- 
verulent silicon is strongly heated in an atmosphere of sulphur, 
combustion occurs with a red glow, and a white earthy looking 
sulphide, which rapidly absorbs moisture from the air, is the result: 
it is completely soluble in water, but it is decomposed as it dis- 
solves, in the manner shown in the following equation :— 

SiS, +2 HO=Si0,+2 HS, 
sulphuretted hydrogen and soluble silion being formed: the latter 
may be obtained as a jelly by evaporation, 

(388) Cutonie ov Sixicox, (SiCI,); Ey., 8524; Combining 
volume as vapour, 2.—This compound may be formed by heating 
sslicon in chlorine, or more economically by the following indirect 
method. Finely powdered silica is made up into a paste with oil and 
charcoal, heated in a covered crucible, and the charred mass in 


ments is transferred to a porcelain tube, ignited and subjected to 
acurrent ofdry chlorine: neither chlorine nor carbon separately can 


Fig. 271. 
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decompose silica, but together they effect it easily ; carbonic oxide 
escaping, whilst chloride of silicon is formed; SiO, +Ch+20= 
2 CO+SiCl. The product is received into vessels cooled with a 
freezing mixture. Fig. 271 shows a form of apparatus by which the 
chloride may be readily prepared: » is a porcelain tube, which con- 
tains the mixture of charcoal and silica ; chlorine is liberated from 
the flask, a, washed with water in a, dried by passing over pumice 
and sulphuric acid contained in the tube ¢, and allowed to pass 
the tube p, which with its contents is exposed to a red 
heat in the furnave; the chloride of silicon distils over into the 
bent tube, #, where it is condensed by immersion in a i 
mixture of ice and salt; a tube fused into the bend of the tube x, 
conveys the chloride into a bottle, ¢, which may also be kept cool 
ico. 
ig Chloride of silicon is a transparent colourless liquid, which 
‘has a pungent, acid, irritating odour ; it fumes strongly in the air, is 
yery volatile, and boils at 138° F. According to Picrre, the spe 
cific gravity of the liquid at 32° F. is 1°5237. Its vapour has @ 
‘specific gravity of 5°939. In this vapour 4 volumes of chlorine 
and 1 equivalent of silicon are condensed into 2 volumes. Water 
immediately decomposes it, depositing hydrated silica, and forming 
ic acid, The liquid chloride does not act on potassium, 
but if the metal be heated in its vapour, chloride of potassinm is 
produced, and silicon is set free; by washing it, the latter may be 
procured in a state of purity. Berzelius recommends this as one 
of the best methods of obtaining silicon. 

Two compounds between the sulphide ond the chloride of 
silicon haye been obtained; they may be represented by the 
formule (SiS, +2 SiCl,) and (2 SiS, + SiCl,). 

Bromide of Silicon (SiBr,), is analogous in properties to the 


(389) Fivormwe or Stricox, (Si ; Specific 
Grwcity, 460; Combining Volune, 2.—The fluoride ia one of the 
[Con ; 80 powerful i is the affinity 








, exhi 
for oxygen, and takes fire below redness, if heated in air 
it-burns with a red light, emitting vivid scintillations: it , 
verted superficially into boracie acid, which melts and protects a 
portion of the boron, If mixed with nitre it deflagrates 

and when fused with earbonate of potash, it decomposes the. 


(392) Bonacie Acro, (BO,); Eg. a5: This seid) a 
considered as a teroxide of boron, is the only known compound of 
oxygen and boron. It is found in the uncombined state in some 
voleanic districts, where it issues in small quantity slong with 
the jets of steam or fumerolles, maintained by the action of sabe 
terrancan fire. These, in some parts of Tuscany, are directed into” 
small lagoons, or artificial basins, such as those shown in fig. 273, 


Fro. 273. 


the waters of which on evaporation yield a crude boracie acid, 
from which a large proportion of the borax of commerce is now 
manufactured. According to the ingenious suggestion of Larde- 
rello, the heat supplied by the fumerolles themselves is employed 
in this evaporation. Water from the adjacent springs is directed into 
the uppermost basin, a; here it stays twenty-four hours, and is ran 
off after successive inbaxpali of torentyifiner hours into'dachi ci the 
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four lower basins, 6, ¢, d, ¢. From the last of these it flows into 
es mee Ue uum nt sremly tan ee 

‘the suspended matters subside. The supernatant liquid is then 
Bae Sa om kon eranieing mans, 2 9: ented Si 
vapours of several famerolles, which circulate underneath in dues, 
A, arranged for the purpose, In twenty-four hours the liquor is 
reduced to about half its bulk ; it is then transferred to a smaller 
pan, on a lower level, where it evaporates for twenty-four hours 
Jonger : it is again transferred to a smaller pan, when after the lapse 
of twenty-four hours more, it is sufficiently concentrated to crystal- 
lize on cooling. Sulphate of lime in abundance is deposited in the 
pans during these evaporations, and it requires removal from time 
to time. Payen stated in 1841, that 750 tons of boracic acid are 
thus annually procured from Tuscany. This crude acid, however, 
contains only about three-quarters of its weight of the pure crystals, 
the remainder consisting principally of sulphate of ammonia with 
small quantities of sulphate of alumina, and of other alkaline and 
earthy sulphates, and a small proportion of silies. 

The commercial acid is purified by adding carbonate of soda to 
saturation, and thus forming borax, which is obtained nearly pure 
by crystallization (494). 

To obtain the acid, purified borax is dissolved in 4 parts of 
Boiling water, and to the hot solution, oil of vitriol equal in weight 
to that of one-fourth of the borax employed, diluted with a little 
water, is added. The sparingly soluble boracic acid crystallizes out 
on cooling, in pearly looking scales which have a greasy feel; they 
contain 3 equivalents of water, In this process sulphate of soda 
is formed, and boracic acid is liberated. It is not however quite 
Bere as it always retains a little sulphuric acid, ‘To remove this, 

the erystals are washed with ice-cold water, dried, and fused in a 
platinum crucible, and on re-dissalving it im four times its weight 
of boiling water, the acid, as it recrystallizes, is obtained perfectly 
pure, 

The crystals of boracie acid effloresce and lose two-thirds of 
their water at a gentle heat, and at a slight increase of tempera- 
ture become anhydrous; at a red heat or a little below, boracic 
‘acid fuses to a transparent, viscid, ductile glass, which remains 
‘clear as it cools. It gradually absorbs moisture from the air, and 

to pieces. 
acid communicates to its compounds the property of 
j indeed it is chiefly on this account that it is 
‘Many of the borates are admirably adapted for fluxes, 
ss 
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3 equivalents, or 6 volumes of chlorine condensed into the space of 
4 volumes; volumes of this chloride unite with 3 volumes of 
‘ammonin, and condense to a volatile crystalline saline body, 

(394) Fevoxtne ov Bouox, (BI,); Equivalent, 68; Specific 
Gravity, 2-312 (Dumas).—With fluorine boron forms a compound 
analogous to the fluoride of silicon. It is best prepared as follows: 
2 parts of fluorspar and r of vitrified boracic acid, both in fine 
powder, are intimately mixed, and intensely ignited in « wrought- 
iron tube closed at one end: decomposition occurs thus: 3 Cal + 
4 BO, = 4 (CaO, BO,) + BF,. Borate of lime remains in the 
tube, and the fluoride of boron passes over as colourless gas, which 
aay be collected over mercury. It does not support combustion ; 
it has an irritating odour, and fumes densely in the air, It is ine 
‘etantly absorbed by water, which dissolves 700 times its volume of 
the gas, with rapid rise of temperature, whilat it increases in density 
to 1°77, and forms a dense, fuming, and corrosive acid liquid, which 
chars organic matter as powerfully as oil of vitriol. This solution has 
been called borofluoric acid: when heated, a part of the gas escapes, 
snd the specitic gravity of the liquid becomes reduced to 1°584; 
when of thie density it distils unchanged, and contains 2 equiva- 
Jents of water. The reaction, when the gas comes into contact 
with water is sufficiently simple, BF, + 3 HO, = (BOs, 3 HE); the 
formula of the aqueous solution becomes BO,, 3 HP, 2 aq. Boro- 
fluoric acid is also ensily prepared by saturating hydrofluoric acid 
with boracic acid, keeping the mixture cool, and then concentrating 
it in platinum vessels till dense fumes arise. 

When largely diluted with water, one-fourth of the boron sepa- 
rates as boracic acid, and another compound is found in solution 
termed Aydrofluoboric acid, In composition this body somewhat 
resembles the silicofuoric acid, though it is not strictly analogous 
to it. Its formation is readily explained by the following equa- 
‘tion, from which it will be seen that hydrofluoboric acid contains 
the elements of 1 equivalent of hydrofluoric acid and 1 equivalent 
of fluoride of boron :-— 

4 BE, + 3 HO = BO, +3 (HIF, BF). 
So strong is the tendency to the formation of this compound in 
dilute sclutions, that if horacie acid be added to a solution of 
Muoride of potassium or of ammonium, for each equivalent of boracse 
it, 3 equivalents of potash or of amronia are liberated ; 
of the base is formed; for example, 
4 KF + BO, = (KF + BR) + 3 KO. 

esd 
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the weight thus obtained from that of the binoxide operated upon, 
it will be fonnd that for each 8 grains of oxygen expelled, 9 of 
water remain; consequently, as water contains 1 grain of hydro. 
gen combined with 8 of oxygen, the binoside of hydrogen will 
contain x grain of hydrogen united with 16 grains of oxygen. 

Binoxide of hydrogen bleaches solution of litmus, and many 
regetable colours ; a drop of it, if placed upon the tongue, blanches 
it, and destroys sensation for a time; the taste of the liquid is 
astringent and somewhat metallic. By means of binoxide of hy- 
drogen the black sulphide of lead (PbS) is converted into sulphate 
of the metal (PbO, SO,), and many metallic protoxides become 
oxidized to the maximum. 

The binoxide of hydrogen, however, is not only decomposed 
by substances which possess an affinity for oxygen, but the mere 
contact of many finely divided metals and metallic oxides which do 
not undergo any permanent change, occasions its decomposition ; 
gold, silver, and platinum produce an instantancous evolution of 
oxygen gas, which is the more rapid the finer the subdivision of 
the body by which the decomposition is occasioncd. A similar 
effect is prodaced by contact with the oxides of these metals, or 
with the peroxide of manganese or of lead. It is especially to be 
remarked that the oxides of silver, of gold, and of platinum, not 
‘only decompose the binoxide, but they are themselves reduced to 
the metallic state. These decompositions are all rendered lees 
vapid by the addition of a few drops of sulphuric or hydrochloric 
acid, but are hastened by the addition of a little free alkali, 

Owing to the unstable character of the binoxide of hydrogen, 
its preparation is attended with great difficulty, although in prin- 
ciple the process is simple. An indirect method is resorted to for 
procuring it: caustic baryta (BaO), when heated to dull redness in 
@ current of oxygen gas, combines with an additional equivalent of 
oxygen, and becomes peroxide of barium (BaQ,): when this sabe 
stance is moistened with water it forms a hydrate (BaO, +6 HO). 
‘The binoxide of hydrogen is obtained from this hydrated compound 
by decomposing it by means of hydrochloric acid. The hydrated 
peroxide of barium is reduced to a paste by grinding it in a mortar 
with water, and is added in small quantities at a time to hydro~ 
chloric acid diluted with water, and kept cool by immersing the 
vessel in ice and water; the peroxide gradnally dissolves without 
‘effervescence, chloride of barium and binoxide of hydrogen being 
formed, as is shown in the following equation -— 


HO, BaO, + HC! yield HO, + HO + BaCl, 


| a 








A more clegant method of 
Mitscherlich ; it is shown at fig. 274, in which a. 


Fra. 274. 





containing oil of vitriol, diluted with one-third of its weight of water ; 
8 is a second flask containing aleohol ; ¢ an empty bottle for con- 
densing any alcohol and water which may distil over; pis & wash- 
bottle containing solution of potash. The acid in a is brought to 
the boiling point (about 325° F.); the alcohol is also converted into 
vapour, and made to pass over into the flask, 4, in euch quantity as 
just to maintain the boiling point of the acid at from 325° to 30" 
at this particular temperature, the alcohol, by contact with sul- 
phurie acid, is completely decomposed into olefiant gas and water, 
Sulphuric acid possesses the remarkable property of producing this 
decomposition without itself apparently undergoing any change; 
the bulk of the sulphuric acid does not alter during the operation, 
and the same limited amount of sulphuric acid may be employed 
to convert an indefinite and almost unlimited amount of aleohol 
into olefiant gas and water. 

‘This circumstance, however, may be thus explained; alcohol 
enters into combination with sulphuric acid, and forms a peculiar 
compound acil—the sulpho-vinie acid, which is decomposed by a 
high temperature; the sulphuric acid is liberated in an unchanged 
condition, whilst the alcohol breaks up into water and olefiant gas, 
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whilst a portion of the water with which the acid was at first 
diluted distils off, and accompanics the olefiant gas :— 
Aloo, Balph. wet, Sulphe-vinio wet 


— ORS Pate oo nt 

€,H,0, + 2 80, becomes HO, C,H,0, 2 SO, 
and by heat 

Bulpho-winie seid, Aulphurie acid, ‘Oletlant gas, 


a —— — 
HO, C,H,0, 2 SO, becomes 2 (HO, S0,) C,H. 

Properlies.—Olefiant gas ia transparent and colourless ; it has 
a faint sweetish odour, ond ia soluble in about twelve times its bulk 
of cold water. It was liquefied by Faraday under great pressure, 
but remained unfrozen at —166°. Olefiant gas does not support 
life or combustion, but is itself very inflammable, and burns with 
@ white luminous flame, depositing carbon abundantly upon cold 
bodies which are introd: into its flame. If a succession of 
electric sparks be paseed Mrough the gas, or if it be transmitted 
throngh porcelain tubes heated to bright redness, it is decomposed ; 
half its carbon is deposited, and another compound of carbon with 
hydrogen (light carburetted hydrogen) is formed, which occupies 
the same volume os that of the olefiant gas from which it was 
produced. If the heat to which the gas is subjected be extremely 
intense, all the carbon is deposited, and for each volume of gas 
decomposed 2 volumes of hydrogen are liberated. 

The composition of olefiant gas may be ascertained by detona- 
tion with oxygen; the explosion, however, is very powerful, and 
roquires care, otherwise the eudiometer will be broken. One 
volume of the gas requires for its complete combustion 3 volumes 
of oxygen ; 2 volumes of carbonic acid remain and represent 2 out 
of the 3 volumes of oxygen,* whilst the other volume of oxygen 
thas condensed as steam, and consequently has combined with 2 
yolumes of hydrogen; 2 volumes of hydrogen and 2 of carbon 
vapour have therefore condensed in olefiant gas into the space of 
1 volume. 

Olefiant gas is slightly soluble in alcohol, oil of turpentine, and 
the fixed oils, It combines with anhydrous sulphuric acid, form- 
ing with it a peculiar compound ; hence it is completely absorbed 
by fuming sulphuric acid; and it also combines with, and is ab- 
‘sorbed by, the perchloride of antimony. Olefiant gas, when mixed 


it is assumed that whon it forma 








; + 2 volumes of carbon sapour 
form but 2 volumes of carbonic acid when wuited. 





over water with an equal volume of ch 
sweetish, aromatic liquid: it collects into oil 
sink in water: it was owing to this reaction t) 
olefiant (or oil-producing gas) was given to it, 
itself is commonly known as Dutch liquid, from 
of its discovery in Holland. If t measure of ole 
with 2 measures of chlorine, the mixture may be kit 


the process by which these substances are formed, iust 
striking manner the mode in which compounds may b 


Selita te en eink 
means of an apparatus similar to that represented in fig. 275: @ 





Fie. 275. 





is a retort containing the mixture of sulphoric acid and alcohol, 
which is to furnish the olefiant gas; 6 is an empty bottle to con- 
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dense the vapours of alcohol and ether; ¢ a vessel containing sul- 
phuric acid for absorbing any uncondensed vapour of ether; d is a 
Targe gles receiver, in which the current of olefiaut gas is mingled 
with a stream of chlorine disengaged from the flask, ¢, and which is 
washed by passing through the water contained in the bottle, f. 
‘The olefiant gas is supplied so that it shall always be in slight excess 
‘over the chlorine; the operation is best conducted in full diffused 
daylight. The two gases rapidly combine, andl condense in oily 
drops, which ran down the sides of the receiver, d, and are collected 
in the bottle, g. 

‘Dr. Limpricht has simplified this apparatus by transmitting the 
olefiant gas through the mixture of oxide of manganese, common 
walt, und sulpburic acid, from which the chlorine is generated. ‘The 
olefiant gas is conveyed into this mixture by means of a bent tube 
which passes through the tubulure of the retort, and the Dutch liquid 
‘as it forms, distils over into a receiver connected with the retort, 

The Datch liquid obtained by either of these processes, 
when purified by agitation with water, furnishes a liquid which 
is not miscible with water, but dissolves freely in ether and in 
alcohol : it hase specific gravity of 1-28 at 32°, boils at 184° F., 
and emits a vapour the density of which is 3.45. ‘The simplest sup- 
position respecting the composition of this liquid, since it consists 
of equal volumes of chlorine and of olefiant gas, is that 2 volumes 
or 1 equivalent of chlorine, is combined with 2 volumes of ole- 
fiant gas (C,H,Cl); whence the equivalent of olefiant gas should 
be one-half of that which has been given in paragraph (399). The 
‘invostigatichs of M. Regnault have, however, rendered it probable 
that the composition of Dutch liquid is not correctly represented 
by 80 simple a formula, and that the equivalent is not (C,H,Cl), 
but just double. The usual combining volume of an equivalent of 
such vapours is four times that of oxygen, and the density of the 
vapour, ws obtained by experiment, coincides almost exnctly with 
that required by the supposition that the formula is (C,E,Cl,). 

Cl =4 vol. chlorin, =4x 247 = 97880 
(C,H,)=4 vol. olefiant gas=4x0'978 = 4'912 


13-79% 





= 3448 


| The formula for Dutch liquid is commonly written C,H,Cl + HCL 
‘Tt was ascertained by Faraday that when Duteh liquid is 
exposed in a glass vessel with chlorine to the direct rays of the 


Calculated vapour density = { 
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Tt will be seen that as the quantity of chlorino increases the 
Doiling point rises, and the density both of the liquid and of the 
vapour increases; in every ease one equivalent of the compound 
yields 4 volumes of vapour. 

Licur Caxsunerren Hyoxoorn: Subcarburetted Hydrogen ; 
Marsh Gas, or Fire Damp, (CyH,); Equivalent, 16; Specific 


purity by a process recommended by Persoz: 10} parts of the hydrate 
of baryta and 10} of anhydrous acetate of soda, are very intimately 
mixed, and heated over a charcoal fire in a Florence flask, conted 
with a loting of fire clay made into a paste with solution of 
borax. The flask is fitted with a cork and bent tube, and the gaa 
4s collected over water in the usual way.* The hydrate of baryta 
may be replaced by a mixture of 2 parts of caustic potash and 3 
‘of quick lime, The gas is also easily procured (mingled with nitro- 
gen and carbonic acid), a& a result of the decomposition of vege- 
table matter contained in the mud of stagnant pools ; and hence its 
name of marsh gas. In order to collect the gas from this source 
a bottle may be Titled with water, inverted in the pool, and having 
introduced a funnel into the neck of the bottle, the mud beneath is 
stirred with a stick ; the gas then rises into the bottle in bubbles, 

Light carburetted hydrogen is one of the principal constituents 
‘of coal gas ; it also ocours abundantly in many coal mines, burat- 
ing forth unexpectedly from the seams of coal, and blowing out 
from the fissure for many mouths together, as though escaping 
from under high pressure. These natural discharges of the gas 
the miners term ‘ blowers,’ 

Properties. —Subcarburetted hydrogen is a colourless, inodorous, 
and tasteless gas, scarcely soluble in water ; not injurious to life 
if diluted with air. Tt does not support combustion, but is itself 
inflammable, and burns with a yellow luminous flame. By passing 
through it a continued succeasion of electric sparks, or by sending 
it through tubes heated to whiteness, it is decompoeed ; ita carbon is 

and a volume of hydrogen, double that of the gas em- 

ployed, is set at liberty. A mixture of this gas with a variable pro- 
ion of olefiant gas constitutes the most important ingredient 
of coal gas. Marsh gas requires twice its volume of oxygen for 
complete combustion, The 3 volumes of the mixed gases after de- 


| Acetate wale Mydrete baryta, (Cart, beryia, Car code, Marsh gan 
” a0, C,I10, + Ba0, HO give Bid, C0, + N00, CO, + G,lt, 
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its volume; the gas in this case burns only in immediate contact 

Bits ia fis Eri Jamon ta Large vote af le with whack-ie 

is mixed prevents the temperature from rising to the point necessary” 
| far the general conflagration of the gas: the most powerful 
explosion is occasioned when the gas is mixed with seven or eight 
‘times its bulk of air. 

Combustion may often be carried on below the point of inflam- 
mation. ‘The smouldering wick of a taper recently blown out is 
wease in point. Again, if « glowing coil of platinum wire, or a hot 
slip of platinum foil, be suspended ina current of coal gas mixed with 
atmospheric air, the motal will be maintained at a red heat by the 
rapid combination of the oxygen with the gas, which, however, 
does not take fire until the platinam becomes heated to whiteness. 

Davy found that no explosion could be produced in a mixture 
of air and fire damp, through a uarrow tube, owing to the cooling 
influence which the tube exerted wpon the gas; and the narrower 
‘the tube, the shorter was the lougth required to produce this protec- 
tive effect. Hemming’s safety tube for the oxyhydrogen blowpipe 
(294) depends for its efficacy upon the cooling influence which the 
metallic tabes or channels, formed by the interstices between the 
‘wires, exert upon the burning jet of gas. The heat of the flame is in 
this way prevented from passing backwards and causing the 
‘explosion of the mixed gases in the reservoir, 

If & stout copper wire be introduced into any flame, it will be 
observed that a dark space immediately surrounds the wire; a 
‘second wire cools the flame still further ; and a small flame may be 
completely extinguished by the cooling effect produced by bringing 
down a coil of wire upon it; but if the same coil be previously 
heated to redness, and, whilst still hot, be placed over the flame, 
the latter will continue to burn. 

By using wire gauze we may easily cat off the wpper part of a 
flame, the unburned gases being reduced in temperature below the 
point of inflammation; if a picce of gauze with large meshea be 
‘employed, it will cut off tho flame so long as it remains cold, but 
‘the flame will traverse the network us soon as the wire becomes 
red hot: with finer meshes (about 400 to the square inch) the 
conducting power of the metal is sufficient to cool the flame below 
‘the point of ignition, even though the wire itself be red hot. In 
a similar manner the gas above the gauze may be kindled, and the 
flame will not pass through to the gas below. Advantage is taken 
of this circumstance in the laboratory to obtain a smokeless flame 
by the use of ordinary coal gas:—A metal chimney, five or six 
~ inches long, open below, and furnished at top with » cap of wire 








fills the entire gnuze cylinder: when the gas is in 

exoess the Iamp is entirely extinguished; if it be wit 

from the explosive mixture while the cylinder appears 

flame, it generally rekindles the wick, and the lamp contin 

‘burn in air as usual. Whenever this pale, enlarged flame is ‘ 
‘miner must withdraw ; for though no explosion can occur while #] 
gauze is sound, yet at that high temperature the metal becomes 
rapidly oxidized, and might easily break into holes; a singlenpertare 
of sufficient size would then determine the fatal explosion. 

‘The wire gauze used in the construction of these lamps con-— 
tains from 700 to 800 meshes in the square inch. In a strong 
current of air the heated gas may be blown through the apertures of 
‘the gauze before its temperature is sufficiently reduced to 
the explosion, but such an occurrence may be easily guarded against 
by the use of a screen. : 

(403) Nature of Flame, — It is necessary to the production of 
flame, that the combustible be of such a nature as to be convertible 
into yapour before it undergoes combustion, otherwise no flame 
results. Well burned charcoal or diamond burns with a steady glow, 
unattended with flame, as does also iron wire. None of these subs 
stances are susceptible of volatilization at the temperature attending 
their combustion. Sulphur, phosphorus, zinc, and the various 
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therefore, flame is a luminous envelope which forms a limiting 
surfiee between the unburned combustible within and the sup- 


ment. “ji SSSR RCE RR A TPRaBEE Ses 
the middle of the flame of a spirit lamp with a large wick, 
mutch will become charred xt the edges of the flame, bu 


then introduced into the middle of the flame, it will be extin- 
guished, but it will burn with its former energy the moment that the 


by the heat attendant on the combustion. Within the 

burning portion of flame is an atmosphere of uuburned combustible 

tautter: by inserting into a flame, such as that of a wax candle, 

above the wick, the lower extremity of a glass tube, open at 

ends, about one-third of an inch in diameter, and five or six 

inches long, the gases in the interior may be drawn off, and may 
be ignited at the upper aperture of the tube. 

It ia important to remark that the light and the heat emitted 
by flames are by 10 means proportional to each other. The heat 
is due solely to the energy of the chemical action; and when a 

pure gascous matter, without solid perticloe; icimipoees both the 
eeabae cts and tho product of tho sombuston, fate or no tight 
isemittod: the flame of a jot of hydrogen is barely visible in clear 
daylight ; and that of the oxyhydrogen jet itself, although one of the 
most intense sources of heat at our command, is scarcely more 
Tuminons than the flame of hydrogen. For ths samo renson.the 
light of sulphur burning in oxygen is fecble, notwithstanding the 
intense energy with which they combine: both the vapour of sul- 
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“toa high temperature from the combustion of the blue portion 
already mentioned; the heat now causes the separation of the 
carbon in the solid form, which becomes intensely ignited in the 
burning gas, emitting light in the part marked c; and this carbon 
itself, in a properly adjusted flame, gradually burns away without 
residue or smoke, as it comes to the surface, d, and mocta with 
oxygen. In order to produce the maximum amount of light, the 
point which requires the greatest attention is the due adjustment 
‘of the supply of air; if too much be given, the gas burns with a 
blue, fecbly luminous flame; an effect which may be seen by 
blowing upon a common gas flame, or by watching the effects of 
the wind upon the exposed gaslights at night; the lengthening of 
the chimney of a lamp produces x similar effect, Tn these cases 
the gas becomes immediately mixed with the oxygen of the air, and 
it is completely burned before it has been exposed to an elevated 
‘temperature for a time sufficiently long to allow of the separation 
of carbon, The supply of air, however, must not be too much 
| Timited ; otherwise, as may be seen by closing the central tube for 
| the admission of air to an argand burner, the light becomes red from 
| the reduction of temperature, the carbon passes off unburned, and 
the oxygen being insufficient to complete the combustion, the flame 
becomes emoky. The light of a flame is increased by any contri- 
yanee which, without deranging the order of the combustion, con- 
centrates it into a smaller space, so as to raise the temperature 
‘of the deposited carbon to the maximum. It is in this way that 
an argand burner produces a far greater amount of light with a 
given consumption of gas, than if the same quantity of gas were 
burned in separate jets. 

(404) Theory of the Blowpipe.—The temperntare of a flame 
may he very materially increased by augmenting the activity of the 
combustion, and concentrating its effect by diminishing the extent 
of surface over which it would otherwise take place. It is upon 
‘this principle that all blowpipes act: a jet of air or of oxygen is 
‘thrown into the interior of a flame ; the combustion is thus rendered 
‘more rapid, it is limited to a much smaller space, and is entirely 
changed in character. 

‘The mouth blowpipe is one of the most valuable and portable 
instruments of research which the chemist possesses ; he is enabled 
by its means, in a few minutes to arrive with certainty and eco- 
nomy at results which without its aid would require much expen- 
‘diture both of fuel and of time; and it often alfords information 
which could be obtained in no other way. 
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flame of the blowpipe, At the apex, c, of the flame, the 
effects are reversed. Here atmospheric oxygen ut a high tempera- 
a ree ate Sherine neg With the, eaeay 
formed products of combustion, and a fragment of any metal, such 
| as Jead, copper, or tin, if placed at this point will quickly become 
coated with oxide; and hence this spot is termed the owidating 
| flame of the blowpipe. A good illustration of the opposite actions 
of these contizuous portions of the flame is afforded by the offects: 
which they respectively produce on a piece of flint glass tubing. 
The silicate of lead contained in the glass is partially decomposed 
in the reducing flame, and the glass at this point becomes black 
and opaque from the reduction of the oxide of lead to the metallic 
state, but by placing the blackened part for a few seconds in the 
oxidating flame, oxygen is again absorbed by the metal, and the 
‘transparency of the glass is restored. 

‘The art of maintaining « continual blast by the mouth blow- 
pipe is not easily described, but it can be acquired by practice 
‘without much ditlicalty. 

Different forms of the blowpipe have been proposed, according 
to the purposes for which it is destined. ‘The glass-worker usually 
requires a large supply of air to be maintained uninterruptedly for 
Tong periods, and he commonly employs a pair of double bellows, 


A very convenient and Fig. 280, 


‘through the covering of this chamber, which is further supplied 
with a longer pipe, @ 6, passing down to within a short dis 
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ONALIC ACID—PREPARATION AND PROPERTIES, 61d 


dant in the leaves of the wood sorrel (Oxalis acetosella), to which 
it communicates their powerfully acid taste, and in which it occurs 
in combination with potash as binoxalate of potash. It is found 
also in the Rumew acetoxa and in the lenf-stalks of the common 
rhubarb. Many lichens owe their solidity to the presence of 
emer er mare inv ces Leen omiphoyedl na ental 


eae acid is prepared artificially upon a lange 
seale by the oxidation of sugar or of starch by nitric acid. Bere 
zelius recommends Schlesinger’s mode of preparing it, a8 yielding 
it in the purest condition and in the largest quantity: 1 part of 
dry loaf sugar is dissolved in 8} parts of nitric acid, af specific 
gravity 1°38, and heated ina flask until all effervescence has ceased ; 
& copious evolution of carbonic acid and of nitrie oxide attends 
the reaction, The solution is then evaporated by a water bath 
to one-sixth of its bulk, and the acid crystallizes on cooling. 
The mother-liqnor may be further concentrated by evaporation : 
the oxalic acid is purified by recrystallization, and amounts to more 
than half the weight of the sugur employed. 

Properties:-—Oxalic acid as thus obtained crystallizes in trans- 

four-sided prisms, which are represented by the formula 
(HO, ©,0,, 2 04). ‘This acid requires about 9 parts of cold water 
for solution, but it dissolves much more freely in boiling water ; it is 
alsosoluble in alcohol. ‘The crystals when heated to 212° become 

and lose 28-5 per cent. of water. The residue then cousists of 
(HO, ©,0,), but the remaining equivalent of water cannot be expelled 
by the mere action of heat ; it can only be displaced by some metallic 
oxide. If the dried crystals be placed in a retort and heated by 
means of an oil bath to between 300° and 320°, they slowly sublime 
and condense in white needles; but if heated above 320° the acid 
isdecomposod. When the crystallized oxalic acid (HO, C,O,, 2 aq) 
is heated quickly without previous desiccation, it melts in its water 
‘of crystallization, and at 311° is resolved, with apparent ebullition, 
into a mixtare of carbonic acid, carbonic oxide, water, and formic 
acid (HO, C,HO,): the latter is produced by the reaetion af the 
elements of water upon those of oxalic acid. 

‘The solution of oxalic acid has an intensely sour taste; if 
swallowed, the acid acts os a powerful poison, occasioning death in a 
very few hours. The best antidote in such a case is the adminis 
tration of chalk or of magnesia suspended in water. 

‘Tris ageneral rule that when an elementary body forms two or 
more acids with oxygen, the acid which contains the largest amount 


exception to the general rule has not hitherto been explained. 
zelius suggests that the carbon in oxalie acid may be in» different 
allotropic condition to that which exists in carbonic acid. The 
equivalent of carbon in oxalic acid might therefore be 12, or the 
double of what it is in carbonic acid; and oxalic acid might thus 
‘be a teroxide of a particular form of carbon, CO, 

On the other hand, the facility with which oxalic neid, under 
the influence of sulphuric acid (303) is decomposed into carbonic 
acid and carbonic oxide, renders such a hypothesis very doubtful, 
Some chemists have becn disposed to regard the oxalic acid rathor as 
an oxide of carbonic oxide, 2 (CO) O, than as a true oxide of carbon, 
Such speculations, however, are valuable rather om accouiit of the 
experiments and researches which they suggest, than from any 
inherent probability which they possess. 

Oxalates—Oxalic acid forms a large number of insoluble salta, 
‘The insolubility of oxalate of lime in water has led to the employ~ 
‘ment of oxalic acid a a reagent for indicating the existence of lime 
in solution, and for determining its amount. On adding a neutral 
oxalate toa neutral or alkaline solution of any salt of lime, the oxalate 
of lime falls as a white precipitate (CaO, C,O,, 2 nq) which is im- 
soluble in acetic acid. ‘The oxalates of baryta, strontia, lead, and 
silver, are also insoluble in water, but all these compounds dissolve 
readily in dilute nitric acid. ‘The oxalate of copper is a pale blue 
insoluble powder ; and the oxalates of zinc and of manganese are 
scarcely more soluble. ‘The oxalate of silver is a white salt, which, 
if heated on platinum foil, is suddenly reduced to the metallic 
state, and is dispersed with a slight explosion, owing to the sudden 
liberation of carbonic acid; AgO,C,0,=Ag+2 COs. The oxalates 
of the alkalies and of the alkaline earths are converted by a dull 
red heat into carbonates of thesc bases ; the carbonic oxide burning 
off with a pale blue flame, whilst the salt docs not exhibit any 

of charring. The oxalates of many of the metals which 
have but small affinity for oxygen, are reduced to the metallic state 
if heated to redness in a closed vesscl, so as to exclude atmo- 
spheric oxygen; 2 equivalents of carbonic acid gas being expelled, 
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whilst the pure metal is left behind. ‘This reducing action occurs 
in the case of gold, when a solution of a salt of this metal is simply 
boiled with an oxalate; the gold is precipitated, either in flakes or 
in the form of a very finely divided powder. 

With the alkalies, oxalic acid forms three classes of salts, one 
of which contains 1 equivalent of base to 1 equivalent of acid, of 
which the oxalate of ammonia (H,NO, C,0,+aq) is an example, 
‘Thesecond class contains two equivalents of acid to one of afixed base, 
Binoxalate of potash, or the salt of sorrel (KO, HO, 2 C,0,-+2 0g) is 
an instance of this description; whilst the third class, which is exem- 
Bee py eatenalete of poeta (KO, 3 HO, 4 €,0,+4 aq) con- 

tains the wusual proportion of 4 equivalents of acid to 1 of a 
fixed base. It is very probable that oxalic acid belongs to the 
class of acids termed dibasic (460). 

(497) Rhodizonic, Croconie, and Mellitie Acids —Three other 
acids containing carbon and oxygen are known under these names, 
but they are of slight importance. 

Rhodizonic Acid, (3 HO, C,O,,) is an acid which forms salts of 
a beautiful red or scarlet colour, whence it derives its name, It is 
obtained by the action of a moist atmoephere on the dark olive green 
compound which potassium yields when gently heated in carbonic 
oxide gas, and which is largely formed during the preparation of 

If the aqueous solution of rhodizonate of potash 
be boiled, it is decomposed into axalate of potash, and the salt of 
anew acid, which from the yellow colour of its compounds is 
termed Crocunie acid, whilst potash is set at liberty : 

3 KO, C,0, ="KO, €,0, + KO, ¢,0, + KO. 

Croconio acid ts obtained by decomposing eroconate of potash 
by silicofluoric acid. It forma yellow crystals soluble both “in 
water and in aleohol. Croconic acid and the soluble croconates 
form yellow sparingly soluble crystalline plates when mixed with 
salts of baryta or of lead. 

Meliitic Acid (HO, C,O,) has hitherto been found only in a 
Tare mineral, the mellitate of alumina, which is now and then 
met with in lignite, and oceurs crystallized in yellow transparent 
octohedra. Mellitic acid ix extracted from mellitate of alumina 
by boiling the powdered mincral with carbonate of ammonia. 
‘Mellitate of ammonia is obtained in solution: by the addition of 
acetute of lead to the liquid, the mellitate of lead is precipitated, 
which, when washed, is suspended in water and decomposed by a 














3 Acidulate the liquid with a few drops of hydrochloric acid, 
place it in a watch glass, and invert over it a second watch glass 
moistened with a drop of solution of hydrosulphate of ammonia; 
afier a few minutes the upper watch glass is removed, the liquid 
craporated to dryness by steam heat, and the dry residue is treated 
with a drop of solution of sesquichloride of iron; a red sulpho- 
cyanide of iron is thus formed ; a quantity of hydrocyanic acid not 
‘exceciling selre of a grain may thus be detected (Dr. A, Taylor). 

sent fff oh, of trons of platinum, and 
of some other metals, form compounds with the cyanides of 
the alkalics and of the earths, of « peculiar character, in which 
the presence of the iron, or of the cobalt, &c., cannot be detected 
by the usual teats for these metals, Some of these compounds 
are of considerable importance, and will be noticed at a future point. 

(411) Cyanic Acro, (IO, CyO); Equivalent, 9+34.—If 


eomething 
treated, cyanide and cyanate of the base are produced; but the 


Ape mane ait ia terme 


ceases to be decomposed; KCy+2 PbO = KO, CyO+a Pb. 

eee rae carly megareted. from She, rednond lend anithe 
oxide of lead, which, from their superior density, sink 

the melted mass to the bottom. Another method of 

consists in heating an intimate 


Sapna: sleet ins plato and bested tacdell sas 
mass is kept constantly stirred. When the com- 
ceased, cyanate of potash may be dissolved out of the 

hot alcohol, from which it crystallizes as the solution 


yamnin ots potea; if opt dry, may be preserved without 

; but #0 unstable ia the cyanic acid when uncombined with 
“shan atomping to separ fom the cyanate of potash 
the addition of sulphuric or any other acid, traces of it only are 
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Fulminate of silver may alzo be formed by transmitting nitrous 
seid through a saturated solution of nitrate of silver in alcohol ; 
the elements of alcohol and nitrous acid react upon each other, 
MA Ta tha preston of osid0 of eves farm tho funny 2NO,+ 
CHO, HO=N,C,0,+6 HO. The corresponding salt of mereury, 
when mixed with six times its weight of nitre and made into a 
paste with water, is used for priming percussion caps ; it is some~ 
what less dangerous than the silver compound, but requires great 
care in handling. In order to prepare it, one part of mercury is 
dissolved in 12 of nitric acid, of specific gravity 1°36, and 11 parts 
of alcohol, of specific gravity o'850, is added, On applying a gentle 
heat by means of a water bath a violent reaction commences, nitrous 
ether is liberated, metallic mercury is deposited, and in a short tine 
opaque minute grains of fulminate of mercury separate, and when 
cold must be washed with cold water. Boiling water dissolves the 
salt, and deposits it in fine silky needles, which detonate violently 
‘on percussion or on friction between two hard bodies, 

Fulminic acid has not been obtained in an isolated form; on 
attempting to separate it from its salts by 2 more powerful acid it 
is resolved into hydrocyanic acid and other bodies. 

(413) Isomerism.—The properties of these oxides of eyanogen 
serve clearly to show that mere identity in ultimate composition 
is not sufficient to produce identity of chemical character or pro- 
perties ; they place the doctrine of isomerism (or the existence of 
compounds identical in ultimate composition, but different in che- 
mical properties) in a striking point of view. Numerous other 
instances will occur as we pursue further the study of the different 
compounds, not only of cyanogen, but of other bodies, and parti- 
cularly of those which form the subject of organic chemistry. 

‘There are various forme of isomeriam ; in some cases we have 
no clue to the probable differences of molecular arrangement; in 
others there is every reason to suppose that the arrangement of the 
| elementary molecules is on a totally different plan in the two bodies 
| which arc compared, Hydrated cyanic acid, for instance, may be 

represented as hydrated oxide of cyanogen; whilst it is certain 
| that im cyamelid, which is insoluble, and presents nothing of the 

acid character, the arrangement of its constituents is quite diffe- 
rent. Isomeric compounds, the cquiyalent numbers of which are 
identical, are said to be mefameric. In other cases, the differences 
in properties of bodies which contain equal amounts of their con- 

‘stituents in 100 parts, may be simply explained upon the supposition 

that in the different compounds the state of condensation of these 
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tagcous to take a brief review of their general characters before 
passing to the consideration of the metals and their compounds. 
‘There are about thirty bodies which are permanently gaseous 
at the mean temperature of the atmosphere. Several of these 
compounds are met with in the uncombined form in the atmo- 
sphere, cither uniformly, or under particular circumstances not of 
unfrequent occurrence ; these gases arc oxygen, nitrogen, carbonic 
acid, sulphurous acid, hydrosulphuric acid, ammonia, and occa- 
sionally carbonic oxide and light carburetted hydrogen. Generally 
speaking, the different gases, when pure, are readily distinguished 
from cach other by some well marked physical or chemical pro- 
perty. ‘The few gases which arc coloured are at once indicated by 
the peculiarity of their tint, conjoined with their characteristic 
odour; in this manner peroxide of nitrogen, chlorine, hypochlorous 
‘acid, chlorous acid, peroxide of chlorine, and bromine vapour are 
at once recognised. 
Many jenses have a peculiar and characteristic odour. Some 
‘of the most important, however, including oxygen, nitrogen, hydro- 
gen, carbonic acid, carbonic oxide, light carburetted hydrogen, 
olefiant gas, and protoxide of nitrogen, are destitute of odour, and 
Fequire other menns for discriminating them from each other. 
(418) In order to aid the operator in distinguishing the dif- 
ferent gases from cach other, Thénard divided them into four groups, 
‘the arrangement being dependent upon the action of a solution of 
potash upon them, conjoined with the occurrence or the absence of 
combastion on the application of a lighted match to the gas. The 
‘aetion of potash is ascertained by admitting a few drops of a solu- 
ution of potarh into a test tube filled with the gas, and standing 
over mercury; on agitating the contents of the tube, it is imme. 
diately obvious whether any absorption occurs. ‘Phe application 
‘of 4 lighted match to another small tube filled with the gas shows 
whether it be inflaramable, or whether it extinguishes or supports 
combustion. 
‘The four groups of gases which are formed by the application 
of these tests are the following -— 
1. Gases which are absorbable by potash, but which arc not 
inflammable. 
2. Gases absorbable by potash, but which are inflammable, 
3. Gases insoluble in potash, not inflammable, 
. 4- Gases insoluble in potash, which are inflammable, 
We proceed to point out briefly the characters of the compo- 
nents of cach group. 




















extinguishes 
water turbid, and dissolves in about its own bulk of water. 
15, Chloride of cyanogen is recognised by its pungent odour, and 
its peculiar irritating effect on the eyes, 
(420) 2. Gases absorbable by Potash, and inflammable; these 
are only 4 in number :—viz., 


4, Sulphuretted hydrogen 3. Tellaretted hydrogen 
2. Seleniuretted hydrogen 4. Cyanogen. 
| ‘These gasea are recognised with great facility. 1. Sulphuretted 
| hydrogen has a peculiar odour of putrid eggs; it burns with a blue 
flame, often attended with a deposit of sulphur: it blackens paper 
| sonked in « solution of acetate of lead, and is decomposed by moist 
chlorine, with separation of sulphur ; water dissolves about twice 
| its bulk of the gas. 2. Scleniuretted hydrogen has an odour analo- 
| gous to that of the preceding gna; its aqueous solution gradually 
| its selenium in the form of a red amorphous precipitate: it 
precipitates salts of zinc of a flesh red colour, 3, Telluretted hydro 


flame ; it has a penetrating characteristic odour. If mixed with 
| an equal volume of oxygen, and a red hot plafinum wire be 
| suspended in the mixture, red nitrous fumes are produced by the 

oxidation of the nitrogen contained im the gaa, 
(421) 3- Gases not absorbable by Potash, and not inflammable ; 


of these also there are four—viz., 
1. Oxygen 3. Nitrogen 
| 2. Protoxide of nitrogen 4. Deutoxide of nitrogen. 


| 1. Oxygen is at once distinguished from all other gases by its 
property of kindling a glowing match, by its power of producing 
red fumes when mixed with dentoxide of nitrogen, and by its inso- 
| Tubility in water when agitated with it. 2. Protoxide of nitrogen, 
| though it rckindles a glowing match, dissolves when agitated with 
water. 3, Nitrogen extinguishes the flame of burning bodies; it is 
insoluble in water, and does not render lime-water turbid. 
4. Deutoxide of nitrogen is instantly recognised by the red fumes 
which it occasions when mixed with air or free oxygen ; it is imme- 
diately ubsorbed by a solution of protosulphate of iron, giving tho 
liquid 2 deep brown colour. 
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ANALYSIS OP 4 MIXTURE OF GASES, 661 
phosphorns, or arsenic: chlorine and its oxides are equally incom- 
patible with ammonia. 


(423) General Principles of the Analysis of a@ Mixture of 
Gases. The complete analysis of » mixture of different gases is 
one of the most delicate and difficult branches of chemical analysis, 
‘and it is not intended on the present occasion to attempt to give 
more than an idea of the principles on which such an operation 
‘is conducted, and of the apparatus by which it is effected. 

As an illustration of the method of proceeding we may take & 
‘ease of frequent occurrence: viz, the determination of the compo- 
sition of a sample of coal gas. In this gas, the ingredients which 
‘may be present are numerous. ‘These are—1, hydrogen; 2, ole~ 
fiant gas aud other hydrocarbons; 3, light carburetted hydrogen ; 
4, carbonic oxide; 5, carbonic acid; 6, sulphuretted hydrogen ; 
7, ammonia; 8, oxygen, and 9, nitrogen derived from the atmo- 


A qualitative examination is made thus ;—the proportion of am- 
‘monia and of sulpurctted hydrogen is usually very minute, and in 
‘most cases these guses must be sought for by placing the tests for their 

for some time in a current of the coal gas. In searching 
for ammonin, piece of moistened litmus paper, feebly reddened, is 
placed for a minute in a jet of the issuing gas. If the blue colour 
be restored, ammonia is present. Paper soaked in a solution of 
‘acetate of lead may be subjected to a similar trial. If it turn 
brown, sulphuretted hydrogen is present. The presence of oxygen 
ix detected by admitting a bubble of the deutoxide of nitrogen 
‘nto « tube filled with the gas under trial, and looking through 
‘the tube obliquely upon a sheet of white paper; very small traces of 
‘oxygen may thus be detected by the red tinge produced, owing to 
the formation of peroxide of nitrogen. Carbonic acid may be 
‘detected by the turbidity which it produces in lime-water or in x 
solution of sub-acetate of lead, if thrown up into the gas, whilst 
‘standing ina tube over mercury. The existence of the other gases 
‘may be assumed, as they are certain to be present in greater or lees 
‘quantity. ‘The sulphuretted hydrogen and ammonia being too small 
‘im amount to be quantitatively determined, and supposing that 
‘oxygen and carbonic acid are found to be present, the proportion 
of seven different gascs will remain to be ascertained, ‘The follow- 
ing method may be adopted for their quantitative determination : 
| 1. Carbonic Acid.—A volume of the gas ix confined over mer- 
cury, and its bulk is measured, with duc attcution to temperature 
and pressure. A picce of caustic potash which has been melted 
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upon the end of a long platinum wire, to serve as: 
daced from below, through the mercury into the tube, 
or three hours the potash is withdrawn, the amount of the absorp 


off the volume of the gas, to introduce n ball: 
a second time, to withdraw the vapour of anhydrous sulphuric acid, 
which possesses sufficient volatility to introduce a serious error 
by dilating the bulk of the gns, unless it be completely removed. 
The total amount of absorption will indicate the proportion of 
eas ats together with the vapours of condensible hydro 


PT iyeeetaarets gas is determined in a similar manner, by 
eraisece ball of phosphorus, which must be left in the gas for 
twenty-four hours; the freeh diminution in bulk, shows the pro- 
portion of oxygen. 

4. Carbonic Oxide-—The accurate separation of carbonic oxide 

fram the other gases is not easily effected. The gas may be divsled 

into two portions, one of which 

Fro, 282, is to be carcfully measured ag it 

stands over mercury, in the jar, 

h, fig. 282 ; = small quantity of 

a solution of subchloride of 

copper in hydrochloric acid is 

next added by means of the 

syringe, i, and the mixture is 

briskly agitated; the gas is then 

withdrawn by means of the 

gas pipette shown in fig. 243, 

p. 478, and transferred by its 

means to a second graduated 

tube, also standing over mer 

cury; into this tube » ball of 

potash on the end of a pluti- 

num wire is introduced, for the 

purpose of absorbing the va- 

pours of hydrochloric acid. with 

which the gas is saturated; its 

bulk may then be read off, and the volame of carbonic oxide 
may be known by the loss in bulk which it has experienced, 





hydro- 
gen and hydrogen. Let a portion of the gas in which the carbonic 
oxide is still present be now transferred to a syphon eudiometer (fig. 
239), and Jet its bulk, V, be accurately measured; then add about 
twice its volume of oxygen, and measure the gas a sccond time: 
let this bulk be V,; ¥, —V will give the volume of oxygen which 
thas been added. Let V, be the bulk of the gas after the mixture 
has been exploded by the transmission of the cleetric : 
Y, —V, indicates the diminution in bulk which it has experienced ; 
call this a. Then inject a small quantity of a strong solution of 
potash, and again note the volume, V;. ‘The absorption, Vy—V,, 
will be due to the quantity of carbonic acid which has been formed : 
eall this 6. The remaining gas, Vy, consists of oxygen in excess, 
and nitrogen. The quantity of oxygen in excess is ascertained by 
the residual gas with about twice its bulk of hydrogen, and 
causing the electric spark to pass second time. Let the volume 
‘of the mixture before firing be V,, and let V, be the bulk after 
firing: V, —V, will represent the amount of condensation ; and 
one-third of this, or “=: will be due to the excess of oxygen. 
On deducting this from the residue, V,, the difference gives the 
yolume of nitrogen, x; Vy—“s="s =n, ‘The difference between 
‘the amount of the oxygen thus found to be in excess, and that 
originally introduced, will of course represent the quantity of oxygen 
consumed: call this ¢; thus V,—V —“=% = «, 
We have now all the data for calculating the proportion of 
earburetted hydrogen, of hydrogen, and of carbonic oxide, which 
are present in the mixture. 
Let x represent the quantity of light carburetted hydrogen ; 
thia gas requires twice its own volume of oxygen for complete com- 
bustion, and furnishes its own volume of carbonic acid, which 
‘Tequires for its formation an equal volume of oxygen, or half the 
amount consumed ; the other half of the oxygen being required by 
the hydrogen which condenses in the form of water; 2 a will be 
| the dimination in bulk of oxygen which occurs on detonation (401). 

‘Again, when hydrogen is converted into water, it requires half 
its bulk of oxygen, and both are condensed entirely. If y 
represent the bulk of the hydrogen, °f will be the diminution in bulle 
‘ef the mixed gases on detonation, which is occasioned by the 


Beexeo in tho mixture, 


Tet 2 represent the volume of carbonic oxide present ; carbonic 








CHAPTER X. 
‘THE METALS, 
§ 1, Gewnnat Prorentizs ov tau Merara, 


(424) Tue metals, as a class, are characterized by a peculiar 
lustre, termed the metallic lustre. They are possessed of a high 
. degree of opacity, and are good conductors both of heat and elec- 
tricity. Some of thom are also endowed with the propertica 
of ductility, or fitness for drawing into wire, and of malleability, 
or extensibility under the hammer. Most of them have a high 
specific gravity, When sepurated from their compounds by electro- 
Iytic action, they mppear at the platinode, or negative wire of the 
voltaic battery. 

These properties are not develaped equally in all the metals; 
in some metals one or more of them may be wanting altogether ; and 
there are other substances, not metallic in their nature, in which 
some of these characters are strongly displayed. 

(425) Lustre, Opacity, and Colour—Although, when polished, 
all metals present the lustre termed metallic, yet most of them 
may be obtained by minute subdivision in a form devoid of Instre. 
Tron, copper, platinum, gold, silver, and even mercury may be thus 
readily procured by processes to be mentioned hereafter. 

Tf, however, theee metallic powders be subjected to pressure 
under the buruisher, a sufficient approximation of their particles is 
Produced to render them capable of reflecting light, and the metallic 
lustre reappears. This property admits of being applied in the 
fine arts; for instance, it is possible to make copica of medals or 
ancient coins, by employing fincly divided copper, which is intro- 
duced with the medal into a mould: by submitting it to pressure 
an exact copy of the medal, with a beautifully polished surface, is 
obtained; the copy is then strongly heated, care being taken to 
exclude atmospheric air; during the ignition the copy shrinks a 
little in all directions, but a fac-eimile is formed, which is extremely 
distinct, though reversed, and a little smaller than the original, 

Bodies which are not metallic occasionally assume # brilliant 
surface like the metals, Iodine, which in all its chemical relations 
is directly opposed to the metals, yet possesses a strong lustre; the 
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considerable malleability. 
‘Taking the tenacity of lead = 1, the tenacity of the different 


Irn. 


‘The tenacity of the metals has been measured by fixing firmly 
im a yice one end of a bar or wire of the metal, the strength of 
which is to be ascertained, and attaching to the other a convenient 
support for weights which are cautiously increased until the wire 
breaks. By comparing together the weights required to determine 
the rupture of the different metals for bars of equal section, a com- 
parative table of tenacity may be formed. Various circumstances 
‘materially influence the strength of the same metal; such as its 
purity, the mode in which the bar has been prepared (whether by 
casting, by forging, or by wire-drawing), the temperature at which 
the comparisons are made, the application or omission of the pro 
cess of anvealing, and the manner in which the tension haa been 
‘exerted, whether gradually or suddenly. Different obscrvers, in 
consequence of operating differently in some one or other of these 
Tespects, have obtained results which vary from ench other consi- 
derably. The necessity of attention to these points will be evident 
‘onexamining the results obtained by M. Wertheim (Ana. de Chimie, 
TIL xii. p. 440), who hos given an claborate series of experiments 

‘ity of different metals, the most important of whieh 

ing table. The numbers represent the 

weight in kilogrammes which a bar of each metal of 1 millimetre 

square would support without breaking, both when the strain is 
gradually increased and when suddenly applied :— 
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be hammered into leaf. At the Industrial Exhibition of Breslau, 
1852, an alum of leaf iron was exhibited, the sheets of which did 
not exceed the sxyoth of an inch in thickness, and a square inch of 
‘the leaf weighed only three-fourths of a grain, Nickel and cobalt, 
however, are far inferior to the other metals in the list. The metals 
become denser in rolling, and are often rendered so hard that they 


Dncetility is peculiarly displayed by the first seven metals on 
tho list. Dr. Wollaston procured a wire of platinum, the diameter 


being, in this case, dissolved by the action of 

mercury. tin, lead, and even lithium, may also be obtained 

in form of wire, but with difficulty, on account of their feeble 

‘The malleability of a metal is by no means always proportioned 

its ductility: iron, though it may be reduced to wires of ex- 
xx 
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Specific Gravity of the Metals. 
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(429) Fusibility—The melting points of the different metals 
differ not less widely than their densities. Mercury, for instance, 
remains fluid as low as —39° F., while platinum, iridium, rhodium, 
and several others, require the intense heat of the voltaic battery, 
or of the oxyhydrogen blowpipe to effect their fusion : 








Order of Fusibility of the Metals. 
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the liquid form. Cadmium requires a dull red heat, ani zinc o 
higher temperature. ‘Those metals which are generally considered 
fixed in the fire are likewise volatilizable to a certain extent. In 
the process of lead smelting, one-seventh of the Jeud exeapes up the 
chimney, and would be wasted unless means for collecting it were 
adopted. Even copper is not absolutely fixed in the fire, My 
friend, Dr. Percy, some years ago showed me n remarkable illus- 
tration of this fact: he las in his possession part af a beam which, 
for many years, was suspended over a farnice in a copper smelting 
howe in Norway; the whole beam, of which this is a fmgment, 
contains minute beads of metallic copper studded through its 
texture: the copper must have been raised in vapour and so 
deposited within its fibres. Gold has been found similarly studding 
the beams of refineries; and it may be seen to undergo yolatiliza- 
tion in the focus of an intensely powerful burning glass. Fine 
‘wires of the most refractory metals may be dispersed in vapour 
‘by transmitting the discharge of a powerful Leyden battery 
through them. 

(431) Conducting Power for Heat and Electricity.—The great 
differences of expansion exhibited by different metals when exposed 
to eqnal degrees of temperature, have already been pointed out 
(125); and it may be stated generally that each metal possesses a 

and that the conducting power of each metal, 
‘Doth for heat’ (143), and for electricity ix also definite (209 bie, 242): 
in general it is found that the best conductors of heat are also the 
best conductors of electricity ; but though conductors in the solid 
and liquid conditions, the metals are insulators in the aeriform state. 

(432) AUoys—Metals enter into combination with each other, 
and form compounds termed ancovs, many of which are most 
extensively used in the arts, Comparatively few of the metals 
‘Possess qualitics such as render them suitable to be employed alone 
by the manufacturer; zinc, iron, copper, lead, tin, gold, silver, 
mercury, and platinum, constitute the entire number so used. 
Antimony, bismuth, and arsenic are too brittle to be used alone, 
‘but are employed for hardening other metals. Many of the phy- 
sical properties of these metals are greatly altered by combination 
with others; the combination or alloy being often adapted to pur- 
pétea:for which either metal separately would be unfit. 
alone is not fit for castings, and it is too tough to be conveniently 
wrought in the Inthe or by the file; but when alloyed with zinc, it 
forms a much harder compound, which can be east, rolled, or turned, 
and which constitutes the different kinds of brass, the qualities of 
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fee aed letters the amalgam is retained in the solid 
while the superfluous mercury, nearly freed from silver, 
‘escapes through the pores of the leather. 

‘The ductility of metals is usually impaired by combination with 
one another. Alloys of two brittle metnls are invarinbly brittle 
uch is the case with the compound of arsenie and bismuth. 

of a brittle with a malleable metal are also brittle. Even 

acu two malleable metals are united, the compound is sometimes 
brittle, Gold, when alloyed with a minute portion of lead, splits 
under the hammer. Generally speaking, the hardness of metals 
is increased by alloying them ; of this a familiar instance is afforded 
by the standard coin of the realm: both gold and silver, when 
unalloyed, are not sufficiently hard to resist attrition to the degree 
| required for the curreney, but the addition of yoth or Yath of their 
mannenes che: 10) either, metal increases, $a) herineen, tithe 


soparately, when the individual metals which enter into their com- 
position are described, 

Condition in which the Metals occur in Nature—The ties 
J which unite the components of an alloy are feeble and are easily 


severed ; but the compounds formed by the metals with the class 
‘of substances known os non-metallic, are for the most part held 
together by affinities of a very powerful onder, and these compounds 
‘are in a chemical point of yiew much more interesting and important 
than the alloys. With some of the metals, carbon and silicon. 
combine ia small proportion without appearing to destroy the 
metallic character ; aud, in fact, these compounds more resemble 
alloys than any other class of combinations : the most remarkable 
instances of carbides and silicides aro furnished by iron, which, in 
its modifications of steel and cast iron, is combined with variable 
quantities of these elements, Many of the compounds of the 
wetals with sulphur, preserve the metallic lustre, as is seen in 
galena aud pyrites, yet lose nearly all other physical properties by 
ee ductility, malleability, and power 
‘of conducting electricity are extremely impaired, The metallic 
character is still more completely destroyed by oxygen, which con- 
‘verts the metals into bodies apparently earthy, as in the familiar 
cases of lime, magnesia, alumina, and oxide of zine: whilst chlorine 
and its allied group of clements form compounds which are most 
‘of them soluble, and possess all the qualities of true salts. ‘The 
with which iron, zinc, and many other metals combine with 
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traversed a railway cutting has had a partial opportunity of eon- 
himeclf of the fact, that the superficial portions of the 
globe which have hitherto been examined consist of a succession 
of beds or layers, sfrata, us they are commonly termed, which rest 
‘one above another: these beds in some places nearly retain their 
eriginal horizontal direction; but usually they have assumed a 
position more or less inclined, so as to form a considerable angle 
with the surface. The same stratum is liable to great variations 
in thickness in different parts, but each bed is found to occur in 
@ uniform position in the series, the successive strata following 
each other in regular order, the uppermost being those of most 
recent formation. In this way the London clay rests upon the 
chalk, the chalk upon what is termed the green sand, the green 
sand upon the gault, and so on. The stratified or sedimentary 
rocks rest upon others, which, like granite, porphyry, and basalt, 
show no appearance of stratification, but bear marks, more or 
less evident, of having undergone igneous fasion. 
Occasionally it happens that a thin bed of metallic ore forms 
‘fn part of the regular succession of the strata; thus in Stafford- 
shire, over many square miles of country, thin bands or seams of 
the ore termed clay iron stone, varying in thickness from two 
to eight inches, are found lying betweon the beds of coal. 
Usually, however, the metalliferous masses oceur in still older 
formations ; such as in the mountain limestone of Cumberland and 
Derbyshire, or in the granite and clay slate, as in Cornwall; they 
are then found in fissures which traverse the ordinary strata of the 
district, and assume a direction which, though it never becomes 
quite vertical, still approaches more or less towards this position. 
hese fissures vary in thickness from a few inches to as many feet ; 
‘they are often filled with masses of basalt, granite, or trachyte 
(which haye been injected from below, whilst the materiala were 
im the molten state under the effects of subterranean heat), and 
then constitute what tho miner terms dykes ; but in other cases 
‘they are filled with metallic ores and form mineral veins, or Jodes. 
‘The ore sometimes occurs nearly pure; at others mingled with 
quartz, fluorspor, and various crystallized minerals, or else with 
earthy impurities of different descriptions. ‘These veins extend 
from the surface downwards often to a depth greater than ean be 
followed even in the deepest mines. The veins which occur in the 
same district usually run in two directions, nearly at right angles 
to each other, the principal or original veins being traversed by 
the others, In Cornwall, for example, the metalliferous veins run 
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and below the first level, at intervals of ten fathoms, to meet the 
lode at different points ; these cross cuts are at right angles to the 
levels. — Fig. 283, shows a vertical cross section of the lode at the 
Callington Mine. x » represents the engine shaft, 1 1 the Jole, and 
ec the cross cuts. The levels cannot be shown in this view; but 
whenever a cross cut meets the lode, a level is driven east and 
‘west, in the direction of the lode itself. 

Fig. 284 shows the arrangement of the levels in the same 
mine; © 5 represents the engine shaft, w a second smaller shaft, 


Fro, 283. Fro. 284. 





Fro. 285, 


and 11 the different levels, the depths of which in fathoms are 
indicated by the numbers attached to them; these levels communi- 
cate at different points by short cuts, or winses, as the Cornish 
miners term them; they are shown at « u, in various parts, and are 
needed to facilitate the extraction of the ore from different points 
ofthe lode. The different levels are not immediately over, or parallel 
to each other, but their direction and position varies with that 
‘of the inclination and direction of the lode. ‘This is explained by 
fig. 285, in which the direction of these galleries is exhibited ; it 





those of the first: class are mechanical ; by their means the earthy 
parts contained in the matrix or vein-stone are to a certain extent 
separated : the operations of the second class are chemical, by 
which the metal itself ie procured. The mechanical treatment is 
‘influenced not only by the nature and composition of the ore, but 
also by its market value: an ore of tin, copper, or lead, from the 
higher price which the metal bears, will be worth a more elaborate 
‘treatment than an ore of iron or zinc, 

The ores of zinc and iron are occasionally subjected to the 
operation of washing: as when they are accompanied by a loose 
friable clay, the clay admits of being readily diffused ina finely 
divided state through the watcr, and is casily removed by its means. 
'The specific gravity of clay being not much more than 2'0, whilst 
that of carbonate of iron and hydrated oxide of iron varies from 
3°8 to 4°0, and calamine is about 4°2, these materials expose a smaller 
Surfice in proportion to their weight to the aetion of water than 
the clay, therefore when agitated with water they subside more 
rapidly ; and if subjected to the action of a current of water, they 
‘are held for a shorter time in suspension, and are consequently 
carried by it to a smaller distance. 

‘The same principles apply to the more elaborate processes of 
washing adopted with the ores of lead and tin. Galena has a spe- 
cific gravity of 7°6 ; tinstone of about 7. Sulphate of baryta has a 
density of 46; fluorspar of 3:1; and quarts of 2°65. When 
reduced to particles tolerably uniform in size, the earthy portions 
may therefore be separated from the ores of lead aud tin by the 
action of water to a considerable extent, 

The following is an outline of the mechanical operations pur- 
sued in dressing the ores of lead and tin; and the eame method is 
to a certain extent adopted with the copper ores — 

The ore having been brought to the surface, if a lead or copper 
ore, is first sorted by hand; the purest portions, or prills, as the 
Cornish miners term them, are set nside, and are ready for smelting 
without further preparation ; but the bulk of the ore is broken 
by hammers into Jumps about the size of a waluut, and the best 
picces are again picked out by hand. ‘The rougher portions go to 
the crushing mill, which consists of a pair of horizontal cylinders 
placed parallel to each other at a little distance apart; these eylin- 
ders may be either grooved or plain. The ore is supplied to them bya 
Hopper from above. After passing through the mill, the crushed ore is 
sifted through coarse sieves; the coarser parts are set aside for the 
stampers, and the finer portion ie subjected to the operation of 


ss 


jigging. This consists in plunging 
‘nto apt, through which water is constantly fowing. 

keeps the ore in continual agitation, alternately raising and lowering 
the sieve, to which he also gives an alternate rofatory motion, taking 
care always to keep it beneath the surface of the water. By this 
means the contents of the sieve are separated into layers of different 
quality. From its friable character, galena is easily reduced to 
small fragments: if it be a lead ore which is undergoing treatment, 
‘most of the galena, therefore, passes through the sieve and subsides 
‘to the bottom of the pit, whilst what is left upon the sieve consists 
chiefly of the less friable fluorspar and quartz, This residue is 
mixed with the inferior qualities of ore, and is transferred to the 
etamping mill, whilst the richer part is ect aside for smelting. 

‘Tin ore is usually disseminated through a compact hard matrix, 
and passes at once to the stampers. 

‘The stamping mill consists of five or six upright wooden beams, 
the lower ends of which are shod with iron, cach beam weighing 
about 24 ewt. These are placed in a wooden frame, and are alter- 
‘nately lifted up and allowed to fall back upon the ore by the action 
of arms projecting from a horizontal axle, which is turned by water 
‘or steam power. The ore is placed on an inclined plane behind 
the stampers, and slides down under them, and is crushed. "The 
crushed particles, when reduced to a sufficient degree of finencas, 
‘are washed out through a grating in front by the action of a current 
of water which is constantly flowing through the mill; the washed 
ore is carried into a channel in which two pits oceur; in the one 
nearest the mill the purer and heavier part of the ore, or crop, is 
deposited ; in the second the more finely divided portion, technically 
termed slime, or schlich. 

‘The crashed ore now undergoes a series of washings, the object 
of which is to separate the impurities from the valuable part of 
the ore. 

The crop is first subjected to washing in the buddle; this is a 
wooden trough, fig. 286, ubout eight fect long, threo wide, and 
two deep, fixed in the ground, with one end somewhat elevated. 
At the upper end, a small stream of water enters, and is redueed 
to a uniform thin shect by mcans of a distributing board, a, on 
which a number of small pieces of wood arc fastened to break 
the stream. ‘The ore to be washed is placed in «mall quantities nt 
a time upon a board, #, somewhat more inclined than the body 
of the buddle, and it is spread out in @ thin layer; the water 
carries it forward: the richer portions subside near the head of 
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the trough, and the lighter Fig. 286. 

ones are carricd further 

down. ‘The heads’ are then 

tossed in the siewe or tub, 

shown at ¢, which is filled 

with water, and ore added 

by « workman, who keeps 

the contents of the kieve 

in continual agitation by 

turning the paddle or agi- 

tator, the handle of which 

is seen projecting at top. 

When the vessel is nearly 

fall, the agitation is stopped, 

and the kieve is struck 

smartly upon the side seve- 

zal times, and its contents 

are allowed to subside ; the upper half of the sediment is again 

passed throngh the baddle. Various modifications of the washing 

Process are resorted to, but they are all the same in principle. 
rough estimate of the value of any sample of dressed ore is 

obtained ty by tho process called vanning. A small quantity of the 

ore ix placed on a shovel, and agitated gently with a peculiar cir- 

enlar movement in water, then by giving it a dexterous Interal 

shike, the different constituents arrange themselves according to 

their density—the galena, or the tin-stone, at bottom; above this 

‘are iron pyrites and blende; and at the top are the fluor and 

quartz. The eye then at a glance roughly estimates the quantity 

of cach. 

‘The water employed in the various washings is not allowed 
at once to run to waste, but is made to pass through a long 
shallow channel, in which the slime and mud which have been 
carried away in the different operations may subside, This slime 
still retains some portion of ore; and in order to recover this as far 
as possible, it is again subjected to the action of a fine stream of 
‘water, either upon an inclined tablo, which acts in a manner similar 
to the buddle, or it is washed upon a swinging table, the bed of 
which is also inclined, but moveable, and is suspended by chains 
from supports at the four corners; it is alternately thrust forward 
two or three inches by the revolation of a cam wheel, and is then 
allowed to fall back against solid wooden bearings with a sudden 
jor. Tho ore is spread upon a board which overhangs the upper 
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part of this table, and carried forward by a gentle stream of water; 
the heavier particles of the ore, owing to the superior momentum 
which their density gives them, are by this jarring morement of 
the board carried back to the upper part of the table, whilst the 
lighter impurities are washed away. 


reverberated, or driven down upon the ore to be roasted, and 
then pass off through the flue, f+ when sufficiently roasted, the ore 
is allowed to fal! into the arched recess, e, beneath the bed of the 
fornace through openings, d d, which are kept closed by sliding 
pintes till the roasting is complete. After the fire has been lighted, 
8 constant supply of nir to the mineral is maintained, and care ja 
taken to prevent the heat from rising so high as to melt the ore, 
which is stirred at intervals to expose fresh surfaces to. the action 
of the air; the sulphur bums off in the shape of sulphurous acid, 
which escapes into the atmosphere; whilst the arsenic forms arsenious: 





process, that of reduction, which is applicable to most metallic oxides, 
whether of natural or of artificial origin. The object now is to 
romove the oxygen, by presenting to the mineral some body which, 
at a high temperature, has a stronger affinity for oxygen than the 
metal itself possesses. Furnaces of great size, varying in form 
with the nature of the metal, are employed in this operation. In 
them the ore is heated intensely, in contact with carbon. Carbonic 
oxide and carbonic acid are thus produced, and from their gaseous 
nature are instantly removed from the sphere of action. It becomes 
neceasary at this stage to get rid completely of the earthy and 
other impurities of the ore, which the mechanical operations never 
succeed in removing entirely, and which often form a large pro- 
portion of the ore. In order to efleet this, certain fluxes, or sub- 
stances which are capable of forming fusible compounds with the 
earthy matters, are added at the same time with the enrbon; 
these melt and form a kind of glass through which the reduced 
metal, from its superior density, sinks, and ix thus completely 
defended from contact with the air: the metal is at snitable inter- 
vals drawn off from the bottom of the furnace; while the melted 
glass, or slag, ox it is termed, runs off at an aperture left in the 
side for the purpose. Limestone is in some cases added to the 


‘ores of the same metal, cach of which aids the other by supplying 
some compound which was wanting to render the slag sufficiently 
fasible. 


The various modifications of these processes will be described 
ag they present themselves in connexion with the different metals 
which require these modifications, Other modes of separating 
individual Paaiiaae capri Goce ee 





























An excellent instance of this kind is afforded in the various 
oxides of manganese : the protoxide, (MnO), is a powerful base, 
the sexquioxide, (Mn,O,), is a much weaker base; the dentoxide, 
(MnO,), enters into combination neither with acids. nor alkalies, 
while the two higher oxides, manganic and permanganic acids, 
(MnO,) and (Mn,O;), combine with alkalies, and are true acids. 
As a general rule, the greater the number of equivalents of oxygen, 
which an oxide contains, the less is it disposed to unite with the 
acids: on the contrary, it frequently possesses acid properties, 
and then it unites with bases to form salts. Protosides generally 
are strong salifinble bases; to form neutral salts, they require 1 
‘equivalent of acid. Sesquioxides are weaker bases; their salts are 
usually unstable; they require 3 equivalents of acid to form a salt 
which ix neutral in composition, and in general all oxides require 
as many equivalents of acid as they contain eqnivalents of oxygen 
in their composition. 

Preparation of the Oxides.—Most of the oxides may be procured 
in combination with water; gencrally speaking, these hydrated 
oxides are obtained by double decomposition, on the addition of an 
alkali to one of their soluble salts: thus sulphate of zine yickls 
hydrated oxide of the metal on adding hydrate of potash to its 
solution; ZnO, SO,+KO, HO= KO, SO,,+Zn0, HO, The metals 
- which form powerful bases, like those of the alkalies and alkaline 
earths, retain the water with great obstinacy ; while others, which 
are less powerful bases, such as the hydrated oxide of copper, are 
decomposed at a temperature below that of boiling water. 

The anhydrous oxides may be obtained in several waysi— 
1, They may often be formed directly, by burning the metal in air, 
or in oxygen gas. This process is best adapted to metals which, 
like zinc or arsenic, are volatile, or which produce fusible oxides, 
Tike iron or lead; in such cases the oxide is removed as fast as it 
is formed, and fresh surfaces of the metal are continually exposed 
to the action of the gas. Anhydrous potash and soda cannot be 
obtained by any other method ; and it is resorted to on the large 
scale in the preparation of arsenions acid, and of the oxides of zine 
and lead. Several of the metallic protoxides, if roasted at a low 
yed heat in a current of air or of oxygen, absorb an additional 
quantity of oxygen. Litharge, or protoxide of lead, is thus con- 
verted into red lead, 2 PbO, PbO, ; and peroxide of barium, BaO, 
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PECOMPOSITIONS OF THE METALLIC OXIDES. 693 
&5 potassium, zinc, and iron, at a high temperature: 
carbonic acid, 80 that carbonic oxide only is formed when they are 
reduced ; while if the reduction take place readily, as is the case 
with copper and lead, carbonic acid is 

Seg choi sonadtisoen, event without tansapglicessoa\Ge| keel, 
Gecomposes the basic metallic oxides, expelling their oxygen, and 
converting them into chlorides, At an elevated temperature few 
of them, excepting those of magnesium and of the earths in the 
third group, resist its action; the oxides of gold and. platinum 
are simply reduced to the metallic state; but chlorides are formed 
in other cases, 

‘If the oxides be hydrated and suspended in water, the action 
‘of chlorine is quite different ; the metals of the first two groups 
yield bleaching compounds, and by heat are converted into 
ehlorates und chlorides in the manner already explained (321). The 
oxides of the third group experience no particular change, but those 
in the fourth group are converted into a mixture of chloride and 
pesquioxide. The seaquioxides of cobalt and of nickel are usually 
in this manner: thus, 3 CoO-+ Cl=CoC! + Co,0,. 

Tif the liquid be strongly alkaline, the whole of the metal may be 

converted into sesquioxide ; 2 CoO+KO+C1=Co,0,+KCl. The 
potash in this case parts with its oxygen, which is transferred to the 
cobalt, whilst the chlorine combines with the potassium. ‘The 
protoxide of manganese under these circumstances yields the 
hydrated peroxide, (MnO,). 
If the metal be capable of forming an acid with 3 equivalents 
of oxygen, the process of oxidation may proceed further, and the 
sesquioxide may, in the presence of a large quantity of potash, 
hecome converted into the metallic acid, which combines with a 
portion of the excess of alkali; thus in the case of peroxide of 
| See Sceepeae idle ae ie la tra ferrate of 
potash being prod: 

pee Gites ens dsrainpoeed more or less completely 
when heated with sulphar; the alkalies and alkaline earths are 
converted into sulphates and sulphides, but the metals of the earths, 
‘or those of the third group, are unaltered, Most of the other 
oxides are conyerted into sulphides with escape of sulphurous seid. 
‘The oxides are more readily decomposed by sulphur if they be 


















hydrogen, by heating the compound in a current of this gas 
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‘The sulphides are all insoluble in water, with the exception of 
those of potassium, sodium, caleium, strontium, and barium. Sul- 
phide of magnesium is sparingly soluble. 

‘The sulphides, like the oxides, may he subdivided into basic 
‘and acid sulphides, according to the nature of the metal, and the 
number of equivalents of sulphur with which it is combined. The 
protosulphides of the alkaline metals afford illustrations of basic 
sulphides, and they enter into combination with the higher 
of metals which, like antimony and arsenic, form acids with oxygen. 
Pentasulphide of arsenic, or sulpharsenic acid, in this way combines 
with sulphide of sodium, and forms a crystalline soluble compound, 
(3 NaS, AsS, +15 aq), aud in like manner pentasulphide of anti- 
mony, or sulphantimonic acid, forms a soluble compound with 
sulphide of sodium, (3 NaS, SbS,+18.0q), which crystallizes in 
beautiful transparent tetrahedra, A large number of similar com- 
pounds may he formed with the sulphides of other metals, and 
theee compounds are for the most part soluble in water. 

In consequence of the tendency to the formation of these 
double sulphur salts, many of the sulphides which are insoluble in 
water dissolve freely in solutions of sulphide of potassium or sul- 
phide of ammonium; and this circumstance is frequently taken 
adyantage of in the laboratory during the progress of an analysis, 
for the purpose of scparuting certain metals which are soluble in 
the alkaline sulphides from others which are not soluble. The 
following sulphides dissolve in a solution of hydrosulphate of 
ammonia, and in solution of sulphide of potassium :— 


de of | « . AnS, | Tersulphido of tungsten 

Bese oss 2 os Tera Terwulphide of molybdenum “Mes, 
rhodium » molybdenum M 

Tepe arn "| Protons feciua eas Bee 

a of aroee ee Be Bisulphide oftin.. . 2 2! Sn8, 


sof aaticoy, 5S erwalphide of tellus 2 les 


an ce wanadiam - pas ‘sulphides of iridi 


A large number of the sulphides, especially those of the more 
metals, dissolve in hydrochloric acid when cold, and still 
‘mora reodily. when heated; « chloride of the metal and hydro~ 
sulphuric acid being formed. It is in this way that hydrochloric 
acid acts upon the tersulphide of antimony ; 
SbS, +3 HCl=Sb Cl, +3 HS. 


acid, when dilute, acta in a similar manner upon the 
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sulphate of mangauese if mixed with sulphide of potassium yields 
sulphate of potash and sulphide of manganese; MnO, SO,+HO, 
RaeE 80,4 HO M8. 6. Many of the metals combine directly 

with sulphur, if heated with it, and form sulphides ; the compounds 
his obtained often contain sulphur dissolved in, or disseminated 
through, the mass. Sulphide of iron is usually prepared in this 
manner. Indeed, sulphur, though iteelf combustible, supports the 
combustion of many metallic bodies, which burn vividly when 
heated in its vapour. 

(443) Estimation of Sulphur in Metallic Sulphides—Sulphur is 
always cotimated cither in the form of sulphuric acid or of free sul- 
phur. Sulphur is casly converted into sulphuric acid by the agency 
either of guseous chlorine or of aqua regia, and the soluble sul- 
phates, when mixed in an acid solution with a salt of baryta, yield 
an insoluble sulphate of baryta, which, when well washed with 
boiling water and ignited, furnishes data for the calculation of the 
sulphar; 100 parts of sulphate of baryta contain 34°32 of sulphuric 
acid, or 13°73 of sulphur. If a salt of silver be present, nitrate of 
baryta must be employed to precipitate the sulphuric acid. 

If during the solution of a sulphide in aqua regia, the sulphur 
have collected into clear yellow balls, and the action upon the ore 
appears to be complete, it is not necessary to wait till the whole 
‘of the sulphur is dissolved : the undissolved portion may be collected 
‘on 2 amall counterpoised filter, and weighed, and its amount must be 
added to that which has been converted into sulphuric acid; the 
froportion of which is to be ascertained by means of  baryta salt 
in the manner above described. 


(444) Cutoripes—tIn colour and external appearance the 
metallic chlorides exhibit considerable variety. They are all fosible 
at moderate temperatures, and melt much more readily than the 





















decomposed when heated with the more clectro-positive metals. 


Bichloride of tin may thus be obtained by heating metallic tin 
with an excess of corrosive sublimate; and the terchlorides of anti- 
mony and of bismuth may he obtained in a similar manner. Some- 
times this process is employed for the purpose of isolating those 
‘metals the oxides of which resist decomposition by the usual 
meaus, In this way sodium is employed to decompose the 
ebloride of aluminum or of magnesium for the purpose of pro- 
enring the alaminum or magnesium in an uncombined form; and 
in a similar manner potassium is employed to decompose the pro- 
tochloride of uranium. 

All the metallic chlorides, excepting those of the metals of the 

alkalies aud of the earths, are reduced when sufficiently heated in 
® brisk current of hydrogen. In many cases the reduction is easily 
effected, and this process is occasionally resorted to as a means of 
procuring certain metals in a state of purity. Tron, for example, 
may be obtained in fine cubic crystals by reducing the protochloride 
of the metal in this manner. It is necessary, however, to maintain 
‘a current of hydrogen of sufficient rapidity to carry away the hy- 
drochloric acid from the reduced metal, as otherwise, in most 
cases, the chloride would be reproduced by the decomposition of the 
acid. Other particulars relating to the chlorides have been already 
mentioned (313, 316). 
(445) Estimation of Chlorine in Metallic Chlorides—Chlorine 
ix almost always estimated in the form of chloride of silver, too 
parts of which represent 24°74 of chlorine. ‘The solution should 
be acidulated with nitric acid, and gently warmed, and then the 
nitrate of silver should be added. If iodine or bromine be present, 
‘it will be precipitated with the chlorine and must be determined 
separately, and the corresponding weight of iodide or bromide of 
silver deducted. 
















‘The composition of an insoluble chloride or of a basic chloride 
may be determined by boiling « given weight of the compound 
‘with pure solution of potash, and determining the quantity of 
‘chlorine in the alkaline solution by means of nitrate of silver: 
Kefure adding the solution of silver, the alkaline liquid must be 
filtered from the undissolved metallic oxide, and acidulated with 


= 





| Sn). 

The iquauitity of 3odine in a solution which contains iodides, if 
chlorides be absent, may be estimated by the addition of nitrate of 
silver stightly neidulated with nitric acid: the resulting buff-coloured 
iodide of silver, when collected and dried, contains 54°0 per cent. of 
iodine, If chlorine or bromine be present, the iodine must be pre- 
cipitated by means of nitrate of palladium ; the precipitate must be 
allowed to subside during ten or twelve hours, and it may then be 
collected on a filter. 1t contains 7° per cent. of iodine. 

(447) Pivonroes.—The general properties of these compounds 
have been already stated (338). The fluorides are usually prepared 
by the direct combination of hydrofluoric acid with the metallic 
oxide. Those which are insoluble may be procured by mixing a 
solution of the metallic salt with one of fluoride of potassium 
or of sodium. 

Estimation of Fluorine.—A simple method of detecting and of 
approximatively estimating fluorine, when present even in very 
small quantities, has been proposed by Dr. G. Wilson, The fol- 
lowing is the process, slightly modified :-—the substance, if it does 
not already contain silica, is mixed with pounded glass, placed in a 
retort, and made into a thin cream with oil of vitriol; the mixture 
is next heated, and distilled into a flask containing a solution of 
ammonia; the fluoride of silicon comes over, and is immediately 

+ on evaporating the liquid in the flask to dryness on a 
water bath, the silica is rendered insoluble, and can be collected and 
weighed, whilst the fluoride of ammonium may be dissolved out with 
& little water, and the presence of fluorine shown by mixing it with 
oil of vitriol; the vapour which is evolved produces the usual corro- 
sive action of hydrofluoric acid on glass (338): the proportion of 
silica im the insoluble residue to the fluorine, however, is not very 
‘uniform. 


(448) Nirarprs,—It is not improbable that the fulminating 
‘compounds, obtained by digesting the hydrated oxides of gold, of 
silver, and of platinum, in solution of ammonia, may owe their ex- 
‘Plosive character to the formation of # nitride: the composition of 

hodies has been but imperfectly investigated, on account of 

explosive character. So weak is the affinity of nitrogen for 

¢ bodies, that a very slight alteration of circumstances suffices 
EE 
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Tt is, however, necessary to examine more minutely into the nature 
both of bases and of acids, and the compounds formed by their 
By the word base, is meant a body always of a compound 
nature, very frequently an oxide of « metal, which is capable of uniting 
‘with an acid, and of more or less completely neutralizing the distine- 
tive characters of that acid. A base, however, is not necessarily a 
metallic oxide ; ammonia, quinine, and morphia, for example, are 
powerful bases, but they contain no metallic substanee. 

Besides the class of salts formed by the combination of an acid 
with a base, there is a numerous and important serics in which 
neither acid nor base is present, and of which common salt is a 
familiar instance. We proceed to indicate the points of diffe- 
rence and agreement between these two kinds of salts. 

(453) Oxyacids and Hydracids—When Lavoisier imposed the 

name of oxygen upon one of the constituents of the atmosphere, he 
supposed that the presence of that energetic body was essential to 
the existence of an acid, and this view was supported by the 

i a , such as the sulphuric, 


Tore or less soluble in water, with a sour taste, capable of redden- 
img vegetable blues, and entering into combination with the alkalies, 
the distinctive properties of which it neutralized. 

By degrees, however, acids were discovered, in which no 
oxygen could be detected ; such, for cxample, as the hydrochloric, 
‘the hydriodic, and the hydrobromic, into the composition of 
which hydrogen enters; yet these bodies were found to cor- 
respond perfectly with the above definition, and possess all the 
characters of powerful acids. To mect this objection, the theory 
‘was modified, and the acids were divided into two great classes, 
tho first of which comprised the oxyacids, such as the sulphuric, 
nitric, and others of analogous composition, in which it was sup- 
posed that the acid properties depended on the presence of oxygen ; 
‘the second class included the Aydracids, such as the hydrochloric 
and hydriodic acids, in which the acidifying principle waa 
asmumed to be hydrogen, It was noticed, that when bodies 
belonging to either of these classes combine with metallic 
ae na cccllonee the acids do not 

unite directly with the metals; the combination is always with 
their oxides: sulphuric acid, for example, has mo action upon 
lie copper, but it quickly disolves its oxide, forming the 
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hydrogenin the placeof a metal, so that oxide of hydrogen, or water, 
‘acts the part of a feeble buse to the dry acids, Tt is remarkable that 
such of the oxyacids as can be obtamed in the dry or anhydrous 
form, such for example as the sulphuric, the nitric, the phosphoric, 
the carbonic, and the boracic acids, donot possess the properties gene- 
rally admitted to constitute the true acid character. Dry sulphuric 
acid, for instance, does not redden dry litmus; it may be moulded 
in the fingers without injury; but when once it passes into the 
hydrated form, which it speedily does by absorbing moisture from 
the air, it corrodes all organized substances with great activity. 
Dry carbonic acid is also without action on litmus. When such 
acids are combined with water, by a slight modification of the 
formula they may be represented as hydracids; ¢.g., oil of vitriol 
(HO, SO,), may be expreasod as (H, SO,), corresponding with 
hydrochloric acid (H, Cl): their hydrates, when heated in contact: 
with a base or a metallic oxide, give off one equivalent of water, 
in a manner precisely analogous to the hydracids already examined. 
‘One equivalent of oil of vitriol treated with 1 equivalent of oxide 
of lead would thus produce an equivalent of sulphate of lead and 
an equivalent of water, as thus appears— 


H, $0,+PbO yield Pb, $0,+HO. 


Upon this theory, the compounds which chemists have been in 
the habit of considering as hydrated acids, would be regarded ws 
‘salts composed of a compound radicle (consisting of the anhydrous 
acid+an equivalent of oxygen) united with an equivalent of 
hydrogen. The other salts of the acid are formed from these 
hydrogen compounds by the displacement of the hydrogen by the 
different metals which enter into the composition of the various 
Si teeidaaseeliemer eheperter: A very 

is in this manner afforded of the liberation of 
Peete sulphuric acid is acted upon by zinc; the 
Zinc simply enters into combination with the radicle of the acid, 
and displaces the hydrogen. ‘Thus— 
H, S0,+Zn become Zn, SO, +H; 


and the reaction is, upon this view, perfectly analogous to that of 
the same metal upon hydrochloric acid ;— 


HCl +2Zn=ZnCl+ H, 


_ ‘This simple and elegant hypothesis long remained nn unsup- 
and fruitless speculation ; but within the last few years the 
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sometimes two, and sometimes three equivalents of water should. 
be displaced by a base. In order to render this evident, it must 
be remembered that water, when in combination, plays several 
distinct parts (agt). The water, chemieally united with these 
hydrates of phosphoric acid, acts the part of a base, and is in a con~ 
dition very different from the water which many crystallized salts 
eontain in the dry or solid form, and which is essential to the 
possession of their peculiar crystalline shape, Water under this 
modification is called water of crystallization, 

Ordinary rhombic phosphate of soda presents water acting both 
as a base and as water of crystallization. The constitution of this 
salt may be represented by the formula (Na,H, BO HO ‘The 
24 equivalents of water of crystallization are expelled below goo° F. 
If the residue be dissolved in water, the solution presents all the cha- 
racters of a solution of the original salt, and by evaporation the 
phosphate of soda is recovered in its original crystalline form. If, 
however, the dry residue, NaH, PO,, be heated to redness, an addi- 
tional equivalent of water escapes; the radicle, PO,, ix partially 
deoxidized by the hydrogen; a new radicle, PO,, is formed, and 
enters into combination with Na,, and on dissalving it in water, a 
new salt, the pyrophosphate of soda, is produced; Na,H, PO, 
become Na,, PO,+HO. In like manner if the acid phosphate of 
soda, NaH,, PO,, be heated to redness, the two equivalents of hydros 
gen remove two equivalents of oxygen from the radicle, PO,, which 
then becomes PO,; NaH,, PO,=Na, PO,+2 HO. 

(455) Objections to the Binary Theory —Notwithstanding the 
ingeunity of the foregoing theory, and the advantages which it 
offers in the explanation of certain modes of decomposition, it is 
‘open to many serious objections ; and indecd it cannot be regarded 
as a correct representation of the composition of a salt under all 
circumstances, 

A few of these objections may be pointed out :-— 

4, None of the compound radicles, SO, NOg, COs, have been 
obtained in an isolated form, nor is it probable that they ever 
will be. 


2. It appears to be highly improbable that a body of such 

powerful affinities as potash should, in carbonate of potash for 

part with its oxygen to a substance which, like carbonic 

nerd, exhibits no tendency to further oxidation, a0 that KO,CO, 
should become K,CO,. 

- Further, if this theory be applied to the ordinary salts of the 
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Binary compounds are such as consist of two elements only 5 
ehiloride of sodium, (NaCl), therefore, is « binary compound; and 
‘if all salts be assimilated to this type, it is assumed that the group- 
‘ing of their molecules resembles that which occurs in this binary 
compound, ‘Upon this view all salts consist of two portions : one 


ic clementary ‘i 
example, or else an equivalent compound boay (1 (suppose it be eul- 
phion, SO,), which is termed the radicle of the salt ; the other is 
either a metal (sodium, Na, for instance), or else a compound like 
ammonium, (NHL), equivalent to a metal, and which Mr, Graham 
has proposed to call the basyle of the salt, The hydrated acids are 
regunied merely as salts of hydrogen, which in combination com- 
ports itself like a metal, and which, for aught that is known to the 
coutrary, may really be a metallic vapour. 

(456) Suipho-Salts—The preceding remarks have been made 
with almost exclusive reference to those salts into the composition 
of which oxygen enters. There is however a numerous series of 
compounds parallel to these oxy-compounds, but in which sulphur 
enters into combination with the metal; and for each equivalent of 
oxygen in the series of the oxy-salts 1 equivalent of sulphur is 
substituted in the corresponding compound in the sulphur series. 
Generally speaking the sulphur-salts are of subordinate importance to 
the oxy-compounds ; they are often decomposed by water, and have 
been the subject of much less study and research. chemists 
regard these compounds as salts in which the electro-positive sul-. 
phides, such as the protosulphide of potassium, &e., act the part 
of bases; and the electro-negative sulphides, such as the higher 
sulphides of arsenic and antimony, act as acids. 


(457) Varieties of Salts.—Salts are usually spoken of as newtral, 
acid, or asic; but though these terms are in general use, theee ia 
some ambiguity in the manner in which they are applied. 

~ (458) Newiral Saits—The idea of neutrality implies thnt the 
peculiar characters of the acid and of the alkali have each dis- 
appeared as a result of combination, and one of the usual means 
by which this neutralization in properties is judged of consists in 
observing the effect which is produced upon certain vegetable colours 


when mixed with a solution of the salt. 
- blue colour of litmus, for example, is changed to red by 
ion of au acid, whilst the colour of litmus reddened by an 
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with the litmus, and liberates the litmus acid, which appears of a 
more or less intense red, according as the base of the neutral salt 
has given up more or less of its acid. 
Por analogous reasona it sometimes happens that a salt which 
is meutral in composition may exhibit characters in which the base 


preponderates: 

(KO, CO,), is neutral in composition, but it appears to be basic in 
its action upon the yellow colour of turmeric paper, which it renders 
powerfully brown, and it immediately restores the blue tinge to 

‘The three salts which have just been cited to illustrate these 
points are all of them instances of the most usual form of salt, in 
which equivalent of a protoxide is united with 1 equivalent of 
an acid to form the neutral salt. But salts exist im which the base 
consists of a sesquioxide, and in such cases 3 equivalents of the 
acid are needed to 1 of the base in order to produce a salt 
which is neutral in composition. 

‘The sulphates will afford a good illustration of these moiles 
of combination. A neutral sulphate of a protoxide, such as sul- 
phate of potash (KO, SO,), requires 1 equivalent of oxygen in the 
base ta 3 equivalents of oxygen in the acid; and contains 1 equi« 
valent of acid to cach equivalent of the base. 

But in the case of a sesquioxide, such as alumina, ALO, 3 
equivalents of acid are combined with each equivalent of alumina 
in order to form the neutral sulphate of this base, AlO,, 3 S05; 
and the neutral sulphate of peroxide of iron (FeOs, 3 SQ) has a 
similar composition: in salts of this kind, however, the rule is still 
observed, that the number of cquivalcnts of oxygen in the base is 
to that of those in the acid as 1 to 3. The sulphate of alumina 
and the persulphate of iron not only redden litmus paper power- 
fully, but they have an acid as well ax an astringent taste.* 

(459) Acid Salts.—If a quantity of oxalic acid be divided juto 
two equal portions, one of which is dissolved in water, aud mixed 





# ‘The tendancy of the sesquionides to require so largo of 
acid Inn boon Suppooed to Alford onother srgement in favour of t 
of sults. Tewilt be seen that the corpesition of the neutral persulphates 
8 i ne en en ap eee fina he ae 
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phosphate of soda of commerce, is the representative of a third class 


tormed tribasic. 

‘There are many organic acids which belong to this class; the 
citric furnishes a good instance. Tt is not necessary that the 
‘two or the three equivalents of base which the salts of the dibasic 
or tribasic acids contain should consist of the same metallic oxide. 
Indeed, it has already been shown, in the case of the various phos: 
phates, that several basos may coexist in the same salt, in definite 
proportions, ‘There is, for example, & pyrophosphate of soda and 
water, composed of NaQ, HO, PO,, in which 1 equivalent of hy- 
drogen supplies the part of 1 equivalent of sodium; and in the 
microcosmic salt (NaO, NH,O, HO, PO, +8 HO) we have a tribasio 
phosphate of soda, oxide of ammonium, and water, where each of 
the 3 equivalents of base differs fram the others, It is worthy of 
remark that, in the salt last named, two of these bases, viz., soda 
and oxide of ammonium, are isomorphous. 
Now it frequently happens, as in microcosmie salt, that water 
is one of the bases present in the salt, and, when such is the cnse, 
the salt, when dissolved in water, often has a sour taste, and 
strongly reddens litmus paper. One of the most common varieties 
of what are termed acid salta is thus formed. Cream of tartar, 
‘or, as it is often called, bitartrate of potash, offers a good illus- 
tration of this kind of salt. 

Cream of tartar is a sparingly soluble crystallizable compound, of 
an agreeable acidulous taste, which consists of HO, KO, CyH,Oi 
being, in fact, a dibasic tartrate of potash and water; if now it be 
dissolved in hot water, and another equivalent of potash be added, 
the water is displaced by the second equivalent of potash, all the 
acid taste disappears, and neutral tartrate of potash (2 KO,C,1H,O,.), 
‘a salt, no longer affecting the colour cither of litmus or of turmeric 
paper, is produced. An oquivalent quantity of carbonate of potash 
may be substituted for caustic potash with equal effect, as it will 
be decomposed, and the carbonic acid will be expelled with effer- 
yescence. Carbonate of soda may be substituted for the carbonate 
of potash, but in this case a different salt, known as Rochelle salt, 
the tartrate of soda and potash, wel tes Gorm (KO, Nao, 
CyH,O,)+ 10 a9). 

Acid salts, however, though generally formed, like cream of 
tartar, from a dibasic acid with which 1 equivalent only of a 

0 base haa combined, the place of the second equivalent 

supplied by an equivalent of water, are not always so pro- 



















of acids, which combine with 3 equivalents of base, and are hence 
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double salt (Mg0,S0, + KO, 80, + 6 09) is. deposited, having 


only 6 equivalents of water of ization. The seventh equiva- 
Jent has been displaced by the sulphate of potash, and has hence 
been termed, by Graham, constitutional, or saline waler. 

A similar substitution takes place with sulphuric acid itself, or 
sulphate of water; when diluted till of the specific gravity of 1-78, 
.it consists of HO, SO, + HO; and from the circumstance of its 
readily forming well-defined crystals when cooled to & temperature 
of 40° I’,, it is often termed glacial sulphuric acid: this compound 
consists of 1 equivalent of sulphate of water with 1 equivalent of 
saline water, If solution of sulphate of potash be addod to this 
glacial acid, the liquid, when evaporated, yields the well known 
salt, bisulphate of potash. This compound, cousisting of sulphate 
of water and sulphate of potash, may be regarded as a double salt, 
in which the sulphate of potash has displaced the saline water from 
the glacial acid; KO, SO, + HO,80,, HO = HO + (HO, SO, + 
KO, SO,): the water in the bisulphate is in the form of basic 
water. It is by the union of the hydrated acid with a metallic 
salt that acid ealte in general are formed, The bicarbonates, 
Dbinoxalates, and many other similar compounds, prove on exami- 
nation, not to be mere salts with excess of acid, but true double 
salts of this class, analogous to. neutral salts in composition. 
Bicarbonate of potash, for instance, may be represented as thus 
constituted: KO, CO, + HO, CO,; and binoxalate of potash, 
KO, ©,0, + HO, C,O,+ 2 gq. As already mentioned, double 
salts of this kind are never formed by two isomorphous bases, 

There is another well-known variety of double salts, in which 
it is not necessary that the component salts should contain similar 
oxides, or even a similar number of equivalents of the radicle of the 
acid. In this way sulphates of sesquioxides often unite with tho 
sulphates of protoxides to form well-characterized double salts; a 
striking example of this kind is afforded in the important tribe of 
alums. Common alum consists of 1 equivalent of sulphate of 
potash nud 1 equivalent of sesquisulphate of alumina with water of 
crystallization (KO, SO, + Al,O, 3 SO, + 24.29); and numerous 
other salts, having the same crystalline form, and of similar com- 
Position, might be mentioned. 

There are a few instances of two different acids being united 
to one base, but they are neither sufficiently numerons nor im~- 
Portant to merit lengthened notice, and are more frequently 
met with among natural, than artificial combinations. 
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with the sesquioxide of iron. ‘The peculiarity of isomorphous bases, 
when they displace each other, is this, that the displacement is 





liable to oceur in any possible proportion ; for example, in diffe- 
rent specimens of mica the relative proportions of iron and alumi- 
num are liable to great variations ; indeed, they may vary indefi- 
nitely in amount, provided only that the quantity of the two 
metals taken together in any one specimen furnishes such a pro- 
portion of 4 metallic: sesquioxide’ as is equivalent to the silien in 
that portion of the mineral: that is to say, that the two equiva. 
leuts of metal required for combination with the 3 equivalents of 
oxygen in the sesquioxide, may cither consist wholly of aluminum, or 
email but indefinite proportion of the aluminum may have its place 
supplied by @ small dut equivalent quantity of iron, or a large pro 
portion of the aluminum may have its place supplied by a ecorre- 
sponding and equivalent proportion of iron. 

Now the method of notation adopted in the preceding formule 
is employed to indiente precisely this—that the proportions of the 
two or more metals, the symbols of which nre bracketed together, 
thus, (AIFeMn),,0,, are liable to vary within any conceivable 
limits, provided that the united amount of all the metals so 
bracketed be exactly sufficient to form a true sesquioxide with the 
three equivalents of oxygen. 

In like manner in the case of the potash in felspar, part of the 
potassium may have its place supplied by sodium, or by calcium ; 
but the proportions of the two taken together require exactly the 
same amount of oxygen, and consequently saturate the same pro- 
portion of silicic acid that 1 equivalent of potash alone would 
have 

‘This frequent partial displacement of one isomorphous base by 
another in native crystallized minerals, renders much caution 
necessary in interpreting the results of an analysis. The difficulty 
of fixing the formula of a mineral of course increases with the 
complexity of its composition, and it is with the silicates especially 
that these difficulties are experienced. It is usual, when the 
analytical operations are completed, to ascertain the proportion of 
oxygen in the silicic acid, then the proportion of oxygen contained 
in the vesquioxides, and Jastly the quantity of oxygen in the prot- 
oxides; because, however much the proportions of the different 
metals may vary in different specimens of the same mineral, the 
ratio of the oxygen in both sets of bases to the oxygen in the 
remains uniform. In felspar, for instance, the pro- 
‘of oxygen in the silicic acid is 12, in the sesquioxide of | 
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absorbs carbonic oxide with facility when heated moderately in it, or 
‘when the vapour of potassium is nllowed slowly to condense in an 
atmosphere of the gas, and a black mass is formed from which the 
metal cannot be recovered, and which often occasions considerable 
‘waste in the ordinary method of preparing potassium, 

(466) Preparation—Potassium was originally obtained by Sir 
H. Davy, by decomposing a fragment of hydrate of potash (which 
ad become slightly moistened upon its surfice by exposure to the 
air for a few minutes) by the current ofa voltaic battery of 200 or 
250 pairs of six-inch plates, on Wollaston’s construction, The dry” 
hydrate is an insulator, but'a trace of moisture confers upon it a 
suilicient degree of conducting power: under such circumstances 
globules of metallic potassium separate at the negative wire, and 
aay be preserved under naphtha. They burn vividly in air, leaving 
an intensely alkaline residuc. ‘This method of procuring the metal, 
however, furnishes it only in very small quantity, and is difficnlt 
and expensive. 

Gay Lussac and Thénard, in 1808, invented a method by which 
potassium may be obtained by purely chemical means in greater 
abundance, Iron turnings were heated to whiteness in a curved 

which wns covered with a clay lute, to preserve it from 
the action of the air at a high temperature, and melted hydrate of 


potash and of the water, and potassium along with hydrogen passed 
1 Sienna limeanag acing ai 3 


pete vores, nj otic pocantan aay Solan 


and Mareska (Ann. de Chimie, LIL. xxxv. 144). Lo order to ensure 
‘a successful result, attention to a number of minute precautions is 
‘The material which is best adapted to this purpose is 
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obstructed by the accumulation of solid potassium. Should any 

tion occur, it is removed by thrusting in an iron rod; if 
this fails, the fire must be immediately withdrawn ; this is readily 
effected by removing the fire bars, g, from the furnace, with the 
-exception of two which support the retort ; the fuel thus falls into 
the ashpit, ‘The receiver is kept cool by the application of a wet 
cloth upon its exterior. When the operation is complete, the 
receiver with the potassium is removed, and instantly plunged into 
a vessel of rectified Persian naphtha, provided with a cover. The 
vessel is kept cool by immersion in water. When this apparatus 
is sufficiently cold, the potassium is detached and preserved under 
naphtha. 

Tn order to obtain the maximum produce of potassium, it is 
necessary that the mixture of carbonate of potash and carbon should 
contain 1 eq. of carbonate of potash to 2 of carbon, or 12 parts of 
carbon by weight to 6g of the carbonate. Upon the application of 
heat the mixture is wholly converted into carbonic oxide and potas- 
sium, KO, CO,+2C=K+3CO. The charge usually yields about 
one-fourth of its weight of crude potassium ; some loss during the 
process is inevitable. MM. Donny and Mareska found this loss 
to amount to about one-third of the entire quantity contained in 
the charge. 

‘The potassium so vbtained is not pure ; it is necessary to sub- 
(7 Sophos eed aati ‘This precaution 

is essential, as if it be neglected a black detonating compound 
speedily forms by exposure to the atmosphere, and is even pro- 
duced spontancously, although the metal be kept under naphtha ; 
this substance explodes violently upon the slightest friction. The 
purified metal amounts to about two-thirds of the quantity operated 
on. A third distillation may be necessary if the potassium be re- 
quired in x state of perfect purity. In omer to prevent the possibility 
‘of the formation of the detonating compound already mentioned, it 
is best to detach the tube from the retort as soon as it is cold, and 
to immerse it in water. A little impure potassium almost always 
Temains in the tube, and is thus destroyed. 

Potassium forms two compounds with oxygen: a protoxide, 
KO, which constitutes potash, and a teroxide, KOs, which does not 
‘combine with acids. 

(457) Terowide of Potassium, (KOQ,) ; £9. 63.—This substance 
‘ia formed when potassium is burned in a silver’ spoon, or upon a 
mass of fused chloride of potassium in an excess of oxygen gas; a 
yellowish brown mass, fusible at a red heat, is thux obtained ; as it 





with extrication of oxygen and formation of a solution of pure 
potash, or protoxide of potassium. 

(468) Protowide of Potassium; Potash, KO; Eq. 47.—This com~ 
pound can be procured in an anhydrous form by oxidating potassium 
in thin slices in air perfectly freed from moisture and carbonic eid. 
Tt is white, very deliquescent, and caustic; when moistened with 
water it becomes incandescent ; after it has thus combined with 
water, no degree of heat is sufficient to expel the water, Anhy- 
drous potash fuses at a red heat, und is volatilized at a high tem- 
perature. For most purposes the presence of water is immaterial, 
potash is therefore generally procured in the state of hydrate, in 
which form it may be obtained without difficulty. 

Hydrate ef Potash, (KO, HO), Eq. 56, Sp. Gr. 2°2, is prepared 
by dissolving carbonate of potash, of which pearlash of commerce 
is an impure variety, in ten or twelve times its weight of water, 
and adding to the boiling solution a quantity of quick lime equal 
in weight to half the carbonate of potash used ; the lime should be 
tlacked, and ‘made into a thin paste with water, and added in small 
portions at atime, so that the liquid may be maintained at the 
boiling point: a crystalline carbonate of lime precipitates, and 

of potash remains in solution; KO, CO, + CaO, HO give 
KO,HO+Ca0, CO, After decantation from the precipitate the 
liquid is rapidly evaporated in an iron or silver basin, till, when 
the heat is raiscd nearly to redness, it flows without ebullition, like 
oil; it is then cither cast into cylinders in a metallic mould, or is 
poured npon a cold stone slab, and solidifies on cooling. Hydrate 
of potash may be obtained crystallized in acute rhombohedrons, 
HO, KO, 4 aq, from a hot concentrated aqueous solution, 

Hydrate of potash is onc of the most indispensable reagents to 
the chemist. It is therefore necessary that he should be able 
readily to ascertain its purity, and if needful prepare it for himself ; 
for this purpose bicarbonate of potash, in crystals, may be decom. 
posed in the manner above described by means of lime obtained 
from black marble, ‘The impurities which occur most frequently 
in ordinary caustic potash are carbonic, sulphuric, hydrochloric, 
and silicic acids, lime, alumina, oxide of iron, and peroxide of potas 
sinm. When in a state of purity it is perfectly soluble in water 
without effervescence; a dilute solution gives no precipitate 
with baryta-water, showing ‘the absence of curbonic and sulphurig 
acids; oxalate of ammonia, no precipitate, showing the absence of 
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lime. On neutralizing with nitric acid, nitrate of silver gives no pre- 
cipitate, showing the abennce! of oblériio; freedom from iron or 
metallic impurities is shown by the absence of any precipitate on the 
addition of hydrosulphate of ammonia, Caustic potash, when pure, 
is wholly soluble in alcohol, the impurities above mentioned remain- 
ing undissolved, Common potash is therefore often purified by 
forming a solution of it in alcobol, and boiling down to dryness 
inasilver yessel, till it flows tranquilly; the alcohol is thus expelled, 
the melted hydrate is poured off upon a silver plate from the black 
crust which forms over its surface, and when cold, it is broken up 
and placed in a well closed bottle. 

A solution of pure potash may also be readily obtained by 
Schubert's method, which consists in adding » hot solution of 
hydrate of baryta to « solution of sulphate of potash, until the 
liquid gives no further precipitate either with baryta or with the 
sulphate of potash; KO, SO,+Ba0, HO=KO, HO +Ba0, SO,. 

Hydrate of potash, afler fusion, is a hurd, greyish white sub- 
stance ; it rapidly absorbs moisture and carbonic acid from the air, 
dissolves in about half its weight of water, with the extrication of 
considerable heat, and it is soluble in alcohol to an almost equal 
extent. It has n peculiar nauseous odour, and a powerful acrid 
taste; is m powerful cautery, and quickly destroys both animal and 
vegetable matters; for this reason its solution cannot be filtered 
except through pounded glass or swnd, and is always best clarified 
by allowing the impurities to subside, and then decanting the clear 
liguid. 

‘The following table, by Dalton, gives approximatively the pro- 
portion of anhydrous potash contained in 100 parts by weight of 
solutions of the alkali of various densities :— 

Strength of Solutions of Potash. 
Sp. gr. 
“3 


rb 
123+ 


KO in 109 
pars. 


Ata high temperature hydrate of potash is wholly volatilixed, 
consequently the water cannot be expelled from this hydrate by the 
mere application of heat. Tes affinities are so powerful that few 
‘Yesscls are found capable of resisting its action ; those which contain 
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condition. If sulphate of potash be mixed in fine powder with half 
its weight of Jampblack, and heated in a covered crucible, the sul~ 
phate is reduced to sulphide of potassium, which remains in a fincly 
divided state mixed with the excess of charcoal, and yields a pyra- 
phorus, or compound which takes fire spontancously in the air, 
owing to the heat emitted by its rapid absorption of oxygen. 
Protosulphide of potassium deliquesces when exposed to the air; it 
dissolves in water, and when pure, forms a colourless solution which 
acts rapidly on the skin asa caustic. This solution, on the addi- 
tion of an acid, evolves sulphuretted hydrogen abundantly; KS+ 
HO, S0,=HS+ KO, 80,. It absorbs oxygen quickly from the 
air and becomes yellow. In solution it may be prepared by 
dividing a solution of caustic potash into two equal portions ; 

and transmitting through one of them a current of eulphuretted 
hydrogen as Jong as it is absorbed ; a hydrosulphate of sulphide of 
potassium is formed, (KS, HS,) and on mixing it with the other 
half of the potash ley, neutral sulphide is formed: KS, HS-+KO= 
2KS+HO. The disuiphide, (KS,), may be formed by exposing an 
alcoholic solution of KS, HS to air till it begins to become 
turbid, and evaporating to dryness in vacuo. It fuses easily, and 
is of an orange colour. The ¢ersuiphide, KS, is obtained pure by 
passing over ignited carbonate of potash the vapour of bisulphide 
‘of carbon us long as any gas makes its escape: carbonic acid and 
carbonic oxide are produced as follows; 2 (KO, CO,)+3 CS,= 
a KS,+4C0+CO,. In the old process of making liver of eulphur, 
69 parts of dry carbonate of potash are fused with 40 parts of 
sulphur; the resulting yellowish brown mass consists of 3 eqs. of 
tersulphide of potassium and 1 of sulphate of potash: the potash 
in this case yields oxygen to one portion of the sulphur, and forms 
sulphuric acid, as shown in the annexed equation: 4 (KO, CO,) + 
10 S=(KO, SO, +3 KS,)+4 CO, A setramulphide, KS, may be 
formed by reducing sulphate of potash by the vapour of bisulphide 
of carbon. The pentarulphide, KS,, in formed by boiling a solution 
of any of the preceding sulphides with exocss of sulphur till satu- 
rated, or by fusing any of the dry sulphides with an excess of sulphur; 
the excess of sulphur separates and floats above the sulphide, which 
has a dark-liver brown colour; it is deliquescent, and soluble in 
water. All these sulphides have an alkaline reaction to test paper, 
and a more or less distinct odour of sulphuretted hydrogen. On 
the addition of a stronger acid they are decomposed with extrica- 
‘tion of sulphuretted hydrogen, attended, in the case of all 
but the protosulphide, by the precipitation of white fiuely divided 
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dry air are not deliquescent. It is very soluble both in water and. 
in alcohol, and has a cooling, bitterish taste. Its solution has the 

of dissolving on additional equivalent of iodine, with 
which it forms a deep brown liquid, 

Todide of potassium, from its high price, has frequently been 
adulterated, If pure it should dissolve completely in six times its 
weight of alcohol, and should not effervesce when moistened with 
hydrochloric acid (carbonate of patash would be indicated by effer- 
‘vescence), and it should not turn brown by the action of the acid ; 
if iodate of potash were mixed with it, free iodine would be shown 
Dy the brown colour developed on adding the acid, 

(472) Bromide of Potassium, (KBr); Eq. 119; Sp. Gr. 2°672.— 
‘This is a very soluble salt, which crystallizes in cubes. It may be 
obtained by adding bromine to a solution of caustic potash until the 
Tiguid aequires a slight, permanent yellow colour, Bromide of 
potassium and bromate of potash are formed, Liwig dissolves the 
mixed salts in water, decomposes the bromate by « current of sul. 
pluretted hydrogen, warms gently to expel the excess of the gas, 
filters from the deposited sulphur, and evaporates till the solution 
crystallizes ; KO, BrO,+6 HS=KBr+6 HO+6S. 

(473) Silicofluoride of Potassium, (KF, Sif,); Eg.110°3-—This 
salt is one of the most insoluble compounds of potassium ; it falls 
axa transparent gelatinous precipitate whenever silicofluoric acid is 
added toa salt of potash ; it dries toa white earthy-looking powder, 
Advantage is occasionally taken of its insolubility to separate 
potash from some of the acids with which it is united: in this 
way chloric acid is sometimes prepared from chlorate of 

(474) Sulphate of Potash, (KO, SO,); Eg. 87; Sp. Gr, 2°64.— 
This is @ salt which crystallizes cither in anhydrous six-sided prisms, 
terminating in six-sided pyramids, or in four-sided oblique rhombic 
prisms, which require about 16 parts of cold water for solution. 
The ‘crystals decrepitate strongly when heated. Sulphate of 

forms a series of double salts with sulphates of the prot. 
oxides which are isomorphous with magnesia, and another class 
of salts (the varicties of alum) with the sulphates of the ses- 
quioxides isomorphous with alumina, M. Jacquelain finds that if 
neutral sulphate of potash be dissolved in nitrie acid, a little nitre 
nnd bisulphate of potush are formed, whilst a salt, consisting of 
HO, NO, + 2 (KO, 80,), crystallizes in oblique prisms, An 
‘analogous componnd may be formed with phosphoric acid, 
3 HO, PO, + 2 (KO, SO,). 
Bisulphate of Potash, (KO, SO, + HO, SO,); By. 1365 
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the salt crystallized. Three years usually clapse before the nitre 
bed is washed : after this interval a cubie foot of the deiris should 
yield between four and five ounces of nitre. As there is always a 
considerable quantity of the nitrates of lime and magnesia preacnt, 
which will not crystallize, carbonate of potash, in the shape of wood 
ashes, is ndded so long as any precipitate occurs. The nitrate o¢ 
Time is decomposed, and the insoluble carbonate of lime separates ; 
CaO, NO, +KO, CO,=Ca0, CO,+KO, NO,. The clear liquor is 


is taken that the nitre plantations, as they are termed, shall rest 
upon an impervious flooring of clay, so that the liquid which drains 
away from them may be collected and preserved. 

In Prussia, by 2 more methodical treatment, a cubic foot of 
the earth yields about twenty ounces of nitre. The heaps are so 
‘constructed as to form a terrace of steps, exposing the back in the 
form of an upright wall to the prevailing wind; the watering ix 
‘thus facilitated, while upon the exposed side the evaporation pro+ 
ceods with rapidity, and here, from capillary action, the nitre 
chiefly accumulates; from time to time a layer of earth is re- 
moved from this wall for lixiviation, and the washed earth, mixed. 
with a fresh portion of animal matter, is returned systematically to 
the other side of the heap. 

The washing of the earth charged with saltpetre is conducted 
in a eystematic manner, so as to avoid using a larger quantity of 
water than is actually needed to dissolve the saltpetre. The opera- 


31). 

Besides the natural and artificial sources of nitre just described, 
‘thie salt occurs also in solution in the sap of certain plants, among 
which the sunflower, the tobacco plant, and common borage may be 
enumerated, 

Properties.—Nitre crystallizes in long six-sided striated prisms, 
terminated by dihedral summits; it is soluble in three-and-a-half 
times its weight of cold water, and about half its weight of boiling 
water; it is insoluble in alcohol: its taste is cooling and saline. If 
paper be dipped ina solution of nitre and dried, it forms what is well 
known as fouch-paper, which, when once kindled, steadily smoulders 
‘away till consumed, and hence it is largely employed in firing 

tmins of powder, fireworks, &e. Nitro fuses easily without 
at-n temperature of 642° F. (Person), and when cast 
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quantity of nitre has been added equal to five times the weight 
of the water employed; the liquid is skimmed from time to time, 
and the chloride of sodium, a large proportion of which remains 
undinsolved, ix removed by means of perforated ladles ; the solution 
is next diluted with 100 gallons of water, after which two pounds 
and a half of glue, dissolved in hot water, are added, and thoroughly. 
incorpornted by briskly stirring; the coagulum which is formed 
rises in 2 scum to the surface, and is carefully removed ; when the 
liquid has been rendered clear by a few minutes’ ebullition, it is 
allowed to cool to about 195°, and is ladled into the crystallizing pan. 
‘The crystallization is effected in a shallow vessel, the bottom of 
which is formed by two inclined planca which meet in the middle, 
In this veesel the solution is kept in continual agitation, in order 
to prevent the formation of large crystals: such crystals would 
mechanically retain the mother-liquor, from which they could not 
be ent freed without recrystallization. The chloride of 
sodium, being nearly as soluble in cold water as in hot, remains 
almost entirely in the solution, whilst the saltpetre is deposited 
in extremely small crystals, which are allowed to drain, and are 
then removed to tanks provided with false, perforated bottoms, 
where they are deprived of the mother-liquor with which they are 
saturated, For this purpose the tanks are completely filled with 
the crystals, and upon them is poured a solution of sultpetre satu- 
vated in the cold; this liquid dissolves the chlorides, but leaves the 
pure nitrate of potash untouched. In the course of a few hours 
the liqnid is drawn off, and the tanks are then filled up with pure 
water; this becomes charged with nitre, containing traces of chlo- 
rides, whilst the undissolved salt is almost chemically pure: the 
solution of nitre thus obtained serves to wash a fresh portion of the 
‘crystals: the refined saltpetre is then dried, and is fit for use. 
(477) Gunpowder-—'he principal consumption of nitre is in 
the manufacture of gunpowder, which consists of an intimate 
mechanical mixture of nitre, sulphur, and charcoal, in proportions 
approaching to 1 equivalent cach of nitre and of sulphur, and 3 
equivalents of charcoal, 8 
190 pate 


Nitre . . . 2eqror . « . 748 
Sulphur . . req 16 . « . 333 
Charcoal . . 3 oq. 38 i. + 411g 
135 1000 
used vary a little in different countries, as will be 
seen from the following table :— 
Bo 








power. Two ounces of the beet English powder, when introduced 
into a mortar of eight inches diameter, set at an angle of 45°, should 
throw a 681b. shot from 260 to 286 feet, on level ground. 

‘The object of granulating the powder is to favour the rapidity 
of inflammation by leaving interstices, through which the flame is 
enabled to penetrate and envelope each grain. i 
whole charge does not take place simultaneously throughout, nor is 
it desirable that it should do so, otherwise sufficient time would not 
be given to allow the charge to receive the full advantage of the 
expansive force of the air generated; too rapid an action would be 
expended upon the barrel of the gun itself, and effects would be 
produced like those due to fulminating mercury; indeed, where 

great force is required, as in blasting for mining operations, 
the action of the powder is still further retarded by mixing it with 
sawdust; the powder for this purpose usually contains 65 parts of 
nitre, 20 of sulphur, and 15 of charcoal (Graham), In the forma- 
tion of the fuse, the quick and slow match, and certain kinds of 
fireworks, gunpowder is mingled with combustibles in various pro- 
portions, 


‘The analysis of gunpowder is easily effected : 100 grains of © 
the powder for examination are dried at 212° by a steam bath; 
the loss indicates the amount of moisture. The residue is digested 
im water and is washed : the solution, when evaporated in a coun- 
terpoised capsule, and weighed, furnishes the umount of nitre, aud 
other salts. Nitrate of baryta, when added to a solution of these 
salts, acidulated with nitric acid, will yield the sulphuric acid in 
the form of sulphate of baryta; and nitrate of silver, when added 
to tho liquid filtered from the sulphate of baryta, will give the data 
for ascertaining the amount of chloride from the precipitated 
chloride of silver: the charcoal and sulphur are contained in the 
portion which did not dissolve in water; they may be separated 
‘hy means of bisulphide of carbon, which dissolves out the sulphur, 
and leaves it in the crystalline form by spontaneous evaporation, 
whilst the charcoal is left undissolved and may be weighed. 

A mixture of 3 parts of nitre, 2 of carbonate of potash, and 1 

3n2 
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matter furnishes nearly 10 per cent. of its weight of carbonate. 
Potash doce not exist in plants in the form of carbonate; it occurs 
in them in union with different organic acids: these organic acids 
are destroyed by the action of the heat during incineration. ‘These 
acids always contain more carbon than is sufficient, when oxidized 
by the air, to form the amount of carbonic acid requisite to 
neutralize the potash; and the carbonate of potash thus produced, 
as it is not decomposed by a red heat, remains behind. In the 
ashes of plants various other ealine substances are likewise present, 
but those which are soluble consist principally of the sulphate of 
potash and chloride of potassium. 

‘A purer carbonate is obtained for chemical purposes hy defla- 
grating a mixture of purified cream of tartar with an equal quantity 
of pure nitre. The mass is thrown, in small portions at a time, 
into a red-hot crucible: in this operation the nitre yields oxygen 
to the vegetable acid, converts the carbon which it contains into 
carbonic acid, which enters into combination with the alkali both 
of the tartar and of the nitre, since the two acids undergo mutual 
decomposition : by lixiviation the carbonate of potash is extracted 
from the dry mass. 

Carbonate of potash is a deliquescent salt, which is with diffl- 
culty obtained in oblique rhombic octohedral erystals, with 2 
equivalents of water. Its reaction upon test paper is strongly 
alkaline; it has an acrid, alkaline taste. Its solutions have a 
peculiar lixivial smell: 100 parts of water at 60° dissolve go of 
carbonate of potash ; and at the boiling point take up 205 parts, 
or rather more than twice their weight, of the salt. Aleohol does 
not dissolve it. Carbonate of potash fuses by exposure to a red heat, 
and at a very high temperature is partially volatilized; at « red 
heat it is decomposed by silica, carbonic acid is expelled with 
effervescence, whilst the silica, uniting with the alkali, forms with 
ita true silicate, the basis of one of the varieties of glass. Advan- 
tage is taken of this property in the analysis of mineral substances 
which contain a large quantity of silica, and which are not easily 
decomposed by the action of acids, or this purpose the mineral 
to be analysed is reduced to an extremely fine powder by careful 
levigation ; a portion of this powder ix accurately weighed, and then 
intimately mixed with about 3 times its weight of carbonate of potash, 
‘or, still better, with 3 parts of a mixtare of 54 parts of dried carbonate 
of soda and 7 parts of carbonate of potash; the whole is intro- 
duced into o platinum crucible, and exposed to a bright red heat 
for an hour. ‘The mass enters into fusion, carbonic avid escapes 
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decompose the hydrate of silica, the solution is evapo- 
and again treated with scidulated water; the 
now placed upon s filter, and the silica, after being well 
ins behind in a state of purity. The analysis of the 
filtered liquid is then finished according to the ordinary method 
«dopted for substances directly eoluble in acids. 
(480) Alkalimetry.—Since the quantity of alkaline carbonate is 
liable to great variations in different samples of the ash; and since 


peti 


number of divisions of a diluted acid, of definite strength, which 
100 grains of the different samples of ash are capable of neutra- 


liting; the neutralization being estimated by the action of the 
solution upon blue litmus paper. 

‘The acid solution which is to be employed is measured from a 

burette or alkalimeter, which is a tube of the 

Fra. ago. form shown in fig, 290, It has an internal dia- 

ancter of about five-cighths of an inch, and is suffi- 

ciently tall to contain rather more than roco. 

grains of distilled water. The space occupied by- 

1000 grains of water nt 60° ix marked off and it 

dicated as 0, and the tube is then subdivided 

into 100 equal parts, cach capable of containing 

10 grains of water: opposite every tenth divi- 

sion the number corresponding to it ia placed, 

the numbers increasing from above downwards, 

Various plans have been proposed for pre- 

paring the dilute acid; the following is substantially the same as 

that recommended by Dr. Faraday (Chemical Manipulation, third 

edition, p. 281). It has the advantage of being readily applicable 

to any alkali, 
A solution of sulphuric acid is prepared by diluting the ordinary 
commercial acid with cight times its ulk of distilled water; when 
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cool the liquid, which may be termed alkalimetric acid, should 
have a specific gravity of -1268. In oriler to uscertain whether the 


in order to convert it into the carbonate: the fused mass is poured 
upon a clean iron plate, and roo grains of it are quickly weighed, 
and dissolved in about 3 ounces of water in a small evaporating 
basin. The alkalimeter is filled up to the division 65 with the 
dilute acid, and then water is to be added until it stands at the 
mark o: the seid and water are to be thoroughly mixed by closing 
the tube with the thumb and finger, then inverting and agitating 
the tube; after which the quid is added to the solution of car- 
Donate of potash, which is to be gently warmed in order to expel 
the carbonic acid as it is liberated. A piece of blue litmus paper 
is placed in the basin, and the acid is cautiously added until the 
litmus paper is distinctly but permanently reddened, The acid 
liquid, if properly diluted, ought to contain, in each division, sufti- 
cient sulphuric acid to neutralize 1 grain of carbonate of potash ; 
and the entire contents of the alkalimeter should, therefore, exactly 
produce this effect. Tf more than 100 divisions of the ueid be 
required, the test acid is too weak; if less than 100 divisions, it is 
too strong. . 

Suppose that 95 divisions of the acid wore sufficient, the 95 
parts shonld have oceupied 100 of the original diluted acid, in con- 
sequence of the alkalimetric acid, from which it was prepared, 
containing one-twenticth too much acid. Tach 95 measures of 
this acid, therefore, must be diluted with 5 measures of water, Lf, 
on the other hand, more ncid than 100 divisions be required, aay 
4105 be needed, the acid contains one-twentieth too much water; 
the 35 divisions of alkalimetric acid used in the experiment require 
the uddition of one-twentieth more of acid than they originally con- 
tained, this one-twenticth part is 1°75, but only one-fifth of this is 
acid, so that 0725 parts by weight of the oil of vitriol originally 
uscd, must be added to cach 35 parts by weight of alkalimetric 
acid. This correction, though not mathematically exact, is per- 
fectly sufficient for all practical purposes. ‘The alkalimetric acid, 
when duly adjusted, is preserved in bottles which are accurately 
closed. 


Having thus prepared a test acid of the proper strength, 100 
grains of the sample of pearlash for trial is dissolved in g or 
4 ounces of water, filtered if necessary, and then tested in the 
same manner: the number of divisions of acid consumed will 
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apertures for the reception of the tubes, a, c, and ¢, all of which are 
open at both ends: the tube, a, is sufficiently long to dip into the 
liquid in the flask; cis a bent tube, the longer limb of which 
passes into the acid in the flask, d. ‘The outer extremity of @ is 
closed, during the experiment, by a plug of wax or of soft cement. 
The apparatus is charged in the manner alrendy described, and ix 
accurately weighed after it has been connected together. A pur- 
tial vacuum is now made by applying the mouth to the tube, ¢, 
and exhausting a portion of the air; the acid riscs in the tube, ¢, 
and passes over into 6 to supply the place of the air which has 
‘been withdrawn ; effervescence is occasioned by the escape of the 
carbonic acid, which passes off through the tube, ¢, ani is dried ws 
it bubbles up through the oil of vitriol in the flask, d, As soon 
as the effervescence has ceased, a fresh portion of acid is forced over 
from d into 4 by again partially exbausting the air; and this pro- 
‘cess is repeated until no further effervescence is occasioned by the 
fresh acid. The plug of wax is now withdrawn from the tube, a, 
and a current of air is foreed through the apparatus by exhausting 
with the mouth at ¢, and the carbonic acid is thas completely dis- 
placed. The plug is now replaced in the tube, a, and the apparatus 
is weighed a second time The difference between this weight 
and that obtained on the first occasion, indicates the amount of 
carbonic acid which has been expelled. 

Tf any sulphide or sulphite of the alkali be present, the error 
which it might occasion by loss of sulphuretted hydrogen, or of 
sulphurous acid, in the gaseous state, and which would be reckoned 
ax carbonic acid, is prevented by mixing from 20 to go grains of 
neutral chromate of potash with the sample under trial: the 
chromic acid: which is P Hiberated by the subsequent action of the 
sulphuric acid upon the chromate, imparts oxygen to the sulphu- 
retted hydrogen or sulphurous acid, and converts both into sul- 
phuric acid, which would be retained, and would in no way 
interfere with the result. 

Carbonate of potash is largely consumed in the arts, a9 for 
example, in the manufacture of soap and of glass, and for preparing 
caustic potash and other compounds of potash. It also furnishes 
the chemist with one of his most indispensable reagents. 

(482) Bicarbonate of Potash, (HO, KO, 2 CO); Ey. 100; 
Sp. Gr. 2°052.—By passing a current of carbonic neid through a 
strong solution of the carbonate of potash, crystals of the bicar- 
honate are deposited in the form of right rhombic prisms; they 
are permanent in the air, The sohution of the bicarbonate, if 
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expored to the atmosphere, gradually loses one-fourth of its carbonic: 
eh em errant ye he eee eae 
occurs much more quickly. The bicarbonate is converted into the 
‘neutral carbonate when fused by means of heat. ‘The bicarbonate 
of potash has no alkaline reaction. ‘It may be employed for pro- 
curing the compoundsof potash in great purity, aa, if well crystallized, 
Se ia(altarabaheolately pers, and anay be obexiach iachte aaa 
Jess difficulty than any other salt of potash. It is consumed medi- 
cinally in considerable quantities, for making effervescing draughts 
by the addition of citric or tartaric acid to its solution in water, 


(483) Cuanacrens or rox Saute or Porasi.—The salte of 
potash, with a colourless acid, are all colourless. Tey ee 
any water of crystallization, yet many of them are 
the carbonate al avetats ut: strikiy intent of te SE 
and furnish in this respect a marked contrast to the corresponding 
salts of soda. ‘The salts of potash, when pure, if introduced upon 
a platinum wire into the reducing flame of the blowpipe, commu- 
nieate to it a violet tint ; the presence, however, of a small quantity 
of sult of soda, masks this effect, in consequence of the strong 
yellow flame occasioned in similar cireumstances by the com- 
pounds of soda, The presence of potash in solution is recognised, 
after the absence of everything but soda has been ascertained, by the 
following characters. 1. If moderately concentrated, a solution of 
tartaric acid in excess causes, upon brisk stirring, » white erpstal- 
line precipitate of bitartrate of potash, which is readily dissolyed 
upon adding an alkali. 2 and 3. Perchlorate or Carbazotate of 
toda has also sometimes been employed as n test for potash, since 
both the perehloric and carbazotic acids form potash salts of 
sparing solubility. These compounds, however, are all soluble to 
considerable extent in cold water, and unless tolerably strong solu 
tions are employed they do not immediately subside. 4. With silieo~ 
fluorie acid they yicld ‘a transparent gelatinous silicofluoride, which 
forms a white powder on drying, 5, The most conclusive reaction 
however, is produced with the dichloride of platinum ; upon mixing, 
a strong solution of this salt with a concentrated one of a salt of 
potash, a yellow double salt, consisting of (KCI, PtCl,) separates in 
crystals; it is quite insoluble in alcohol and ether, but is slightly 
taken up by cold water. It is therefore best for analytical purposes 
to acidulate the solution suspected to contain potash with a lite 
hydrochloric acid, and having added a slight excess of the solution 
of bichlovide of platinum, to evaporate to dryness over the water 





Be ea 
dissolved. This salt when heated to redness is decomposed, the 

platinum loses its chlorine, and the chloride of potassium may be 
dissolved out of the grey residue with cold water, whilst metallic 
platinum is left behind. 100 parts of the chloride of platinum and 
potassium are equivalent to 15°98 of potassium, or to 19°26 of potash, 


$ IL Soprom. 


Synbol, Nu; Byuivalent, 22°97 ; Specific Gravity, org72. 

(484) Sop1um may be obtained from carbonate of eoda by a 
process analogous to that used for potassium. M. Deville recom- 
mends the employment of the following mixture in the preparation 
of sodium :>— 


Dried carbonate of soda. . . «717 parte. 

Powdered charcoal. 2. . - . - 195 

Finely powdered chnlk . . . - 108 , 
These materials are mixed intimately and kneaded into a stiff 
paste with ail, and calcined in a covered iron pot: the mass is then 
introduced into an iron retort and distilled, with the precautions 


described when speaking of potassium ; it ought to yield nearly 
one-third of its weight of sodium: the object of adding the chalk 
is to prevent the charcoal from separating from the carbonate of 
soda when this salt fuses, 

Sodiam has a bluish white colour; in appearance and pro- 
perties it much resembles potassium, but is somewhat more volatile ; 
it fuses ata temperature of 194° F. When dropped into cold water 
it decomposes « portion of it, extricating hydrogen, but the gas 
does not take fire unless the water be heated previously. 

‘The great storehouse of sodium is common salt, which is met 
with in nature in extensive deposits ; it is aleo contained in vast 
quantities in the water of the ocean; the immense quantities of 
soda consumed in the arts are almost exclusiyely obtained from 
chloride of sodium, by a process presently to be described. 

(485) Oxide of Sodium, ov Soda (NaO, Eq. 31), forms the basis 
of the important series of salts of soda. It can be procured in an 
anhydrous state by burning the metal in dry air or oxygen gas; it 
is of n white colonr, attracts moisture as greedily as the correspond- 
ing oxide of potassium, and this water cannot again be expelled 
from it by heat. In appearance and properties the hydrate exactly 
resombles that of potash, and may be formed by a similar method. 








Tmmense beds of common salt are met with in Cheshire, in 
Poland at Wielitzka, and at Cardona in Spain. It has.aleo recently 
been found in abundance near Belfast. Near Northwich, the prin- 
cipal deposit of rock salt in England, the mineral occurs in two beds, 
situated one above another, separated by about thirty fect of clay 
and mar] intersected with small veins of salt: the two beds together 
are not less than sixty fect in thickness, 300 yards broad, and a 
‘mile and a half long. ‘These beds occur in magnesian limestone, 
‘The celebrated and beautiful mine of Wiclitzka contains sufficient 
salt to supply the entire world for ages. It is calenlated that the 
mass of rock salt here is 500 miles in length, twenty miles broad, 
‘and not less than 1200 fect in thickness. This salt deposit occurs 
in the chalk formation. Chloride of vodium is sometimes found 
‘crystallized, and is then termed sal gem, or rock salt, ‘The solu- 
bility of this chloride is frequently employed as a means of dimi- 
nishing the Inbour of raising the sult ta the surface, water being 
Tet down into the bed of salt and allowed to remain till it has 
become saturated : it is then pumped out, and the brine is boiled 
down and crystallized. Some brine springs contain too small a 
portion of walt to render it profitable to eflect the evaporation by 
Keat; the water in these cases is therefore concentrated by gradua- 
tion, a3 at Salaburg: this process consists in exposing the brine, 
diffused over a large surface, to the air, by pumping it up to a 
height, and then allowing it to trickle slowly over large stacks 
of fagota, piled in suitable buildings, freely exposed to the prevail- 
ing wind: after this process has been repeated eight or ten times, 
the solation acquires a density of about 1140, and is sufficiently 
concentrated to allow the evaporation to be finished as usual by 
the direct application of heat, In the first basin an insoluble 
donble sulphate of lime and soda is deposited, partly in the form 
‘of mud, or sch/ot, ns the Germans term it, partly in the form of a 
hard seale, which adheres to the bottom of the pan: when the 
liquor reaches a density of 1°236 it is decanted into another pan, 
‘and evaporated ; the crusts of salt are removed as they form, 

‘The appearance of the salt varies according to the rate at 
which the evaporation is conducted ; when boiled down rapidly, it 
forms the mealy, fine-grained salt used upon our tables: if evapo- 
rated more slowly, the hard, crystallized salt preferred for fishery 
purposes is obtained. The salt of commerce always contains a 
certain proportion of chloride of magnesium, which gives it a slightly 
deliquescent character, and adds to the pungency of its flavour, 

Properties.—Chioride of sodium has an agreeable saline taste, 





taken up in considerable quantity by dilute spirit. 
its solution to a temperature of about 14° F., it crystallizes: 
hexagonal tables, which contain 4 or 6 equivalents of water: as. 
the temperature rises, the water scparntes, the crystals fall to 
picees, and they form a heap of minute cubes. 

Chloride of sodium is consumed in Jarge quantities in the 
mannfucture of the salts of soda, and is daily an article of domestic: 
use, being indeed an essential constituent of the food both of man 
and of animals, who languish if it be supplied in insufficient quantity, 
‘The process of salting meat is resorted to on account of the 
powerful nntiveptic qualities of the chloride of sodium, In this 
‘operation a large quantity of the nutritive juices of the meat is 
extracted, which when saturated with the salt form the brine, Meat 
thus prepared is much less digestible and nutritious than fresh 
meat. 

(487) Iodide and bromide of sodium crystallize in cubes, and 
are anhydrous: they may be procured by processes analogous to 
those used foe the correrpcndiog compouts ot potassium ; they 
‘ocour native in sea-water in minute proportions, but small as these 
proportions are, they furnish the commercial supply both of 
bromine and of iodine. ‘The iodine, though still less abundant thant 
the bromine, is obtained with greater facility, as many marine 
plants appropriate it to their nutrition, and by buming. them, it 
remains in the residue; the ash thus obtained goes by the name 
of kelp. A ton of good Irish kelp furnishes about 81b, of iodine. 

(488) Sulphate of Soda, (NaO, SO, + 10 29); Eq. 71 +904 
Sp. Gr. anhydrous, 27597, crystallized, 1°469—This salt has long 
been known under the name of Glanber’s salt, Tt 
usually in long, four-sided prisms, terminated by dihedral summits. 
It is remarkably cfllorescent, and loses the whole of its 10 equiva- 
lenta of watcr by mere exposure, at common temperature, to the 
atmosphere. It has a saline, bitter taste, and is occasionally used 

as a purgative. 

‘The solubility of sulphate of soda in water offers some re 
markable anomalics, Water, at 32°, takes up 5°02 per cent. 
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(about one-twentieth of its weight) of the anhydrous salt; the 
quantity dissolved rapidly increases a3 the temperature rises; at 
60° it dissolves 16 per cont, and at 91° F. water takes up about 
half ita weight (50°65 per cent.) of the anhydrous salt; (the 
erystals contain more than half their weight of water, and conse- 
quently fase on the application of a heat of 100%). Beyond 91° F. 
the solubility of the salt decreases, so that a solution saturated at 
gi®, by simply elevating its temperature to the boiling point, is 
caused to deposit about one-sixth of the salt previously dissolved, 
in the form of acute rhombic octohedrons, which are anhydrous. 
‘The solution at its boiling point retains 4°55 per cent. of the 
salt. Tt has already been mentioned (70) that a boiling, saturated 
solution of this salt, if closed hermetically, may be kept for 
but 


according ta Liwel, contain eight equivalents af water, form in the 

mass, These crystals are more soluble than the hydrate with ten 

atoms of water. It is most probable, as Mr. Graham observes, that 

the salt exists in the super-saturated solution in the form of the 

eight-atom hydrate,and crystallization occurs when any circumstance 

oceasions the formation of the more usual and Jess soluble ten-stom 
ite. 

Sulphate of soda, to which the name of TAdnardite has been 
given, haa been met with nearly purc not far from Madrid, depo- 
sited at the bottom of some saline lakes, in anhydrous octohedra, 
‘Tt has also been found, not far from the same place, combined 
with sulphate of lime, as Glauberite, i in anhydrous 

Preparation—Sulphate of soda is made from oil of vitriol and 
common salt in enormous quantities, under the name of salt cake, 
5 4 preliminary step in the manufacture of carbonate of soda. 
‘The operation is carried on in a reverberatory furnace, connected 
with an apparatus for condensing the hydrochloric acid, which, till 
within the last few years, was allowed to escape into the atmo- 
‘sphere to the serious injury of vegetation in the surrounding district. 
‘One of the best forms of furnace is shown in section in fig. 293: the 
course of the flues, however, is not exactly such as is there repre- 
sented: a, the smaller of the two compartments which compose the 
furnace, is of cast-iron; into this (the deconmposer) from five to 
six hundred weight of common salt are introduced, and an equal 
weight of sulphuric acid, of specitic gravity 1°6, is gradually mixed 
with it; a gentle heat being applied to the outside, enormous volumes: 
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of hydrochloric acid gus are disengaged, and pass off by the flue, a 
tothe condensing towers, © and ¥; these towers are filled with frag 
ments of broken coke or stouc, over which a continuous stream of 


Fio, 292. 


water is caused to trickle slowly from AA. A steady current of 
air is drawn through the furnace and condensing towers, by con- 
necting the first tower with the second, as represented at g, and 


the second tower with the main chimney, «, of the works, In the 
first bed of the furnace, about half the hydrochloric acid is expelled 
from the salt: the pasty mass thus produced is then pushed through a 
door for the purpose into the roaster, or second division, », of the 
furnace. In this state it consists of a mixture of bisulphate of soda 
and undecomposed salt. The reaction in the first bed of the 
furnace may be represented as follows : 

2 NoCl + 2 (HO, SO.) = NaCl + HO, NaO,2 SO, + HCL 

In the second stage of the operation a higher heat is required ; 
the bisulphate of soda then reacts upon the unchanged chloride, 
and the conversion into neutral sulphate of soda is complete; thus 
NaCl + HO, NaO, 2 SO, = HC! + 2 (NaO, SO,). The hydro- 
chloric acid gas, as it is liberated from n, passes off through the 
flue, d, and is carried on to the condensing towers. Heat is 
applied to the outside of the roaster, #; the smoke and produets 
of combustion circulating in separate flues around the chamber, in 
the direction indicated by the arrows, but never coming into 
contact with the salt cake in s. 

A double sulphate of potash and soda, NuO, SO, +3 (KO, SO) 
(Penny), may be formed by dissolving the two salts in water, and 
evaporating. Dr. Gladstone has shown that the employment of = 
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sent in considerable quantity, when it produces a yellow colour: 
protoxide of mangancse is nearly colourless, but the sesquioxide com- 
Tunicates a yiolet tint to the glass, Advantage is taken of the 
knowledge of these facts in preparing colourless glass: protoxide 
of iron, in minute quantity, ism frequent impurity in the materials 
used, and it produces the green tinge often observed in ordinary 
glass: a minute quantity of black oxide of manganese corrects this, 
it imparts oxygen to the protoxide of iron, which thus becomes 
converted into the colourless peroxide, whilat the manganese itself 
being reduced to the state of protoxide exerts no injurious colour- 
ing effect, A little nitre or arsenious acid is sometimes added to 
glass instead of oxide of manganese, with a similar effect in con- 
yerting the protoxide of iron into sesquioxide. Oxide of chrome 
imparts an emerald green tinge to glass; oxide of cobalt a deep 
blac A mixture of the oxides of cobalt and manganese gives a 
Black glass; black oxide of copper (CuO) produces a green; sub- 
oxide of copper (Ca,O) an intense ruby red; whilst the sparkling 
appearance of avanturine is due to the dissemination of tetrahedral 
erystals of reduced metallic copper through tho mass, Oxide of 
uranium communicates to the glass a peculiar opalescent yellow ; 
different shades of yellow are also produced by oxides of silver and 
of antimony, and by finely divided charcoal; and a compound of 
gold with oxide of tin gives a magnificent ruby glass, 

Sometimes glass is /lashed or superficially coated with the 
coloured portion. A mass of colourless glass is in this ease taken 
by the workman upon the end of his blowing tube, and then 
dipped into a pot of the coloured glass; on blowing out the lump 
of glass, a vessel is obtained, the exterior layer of which is coloured, 
whilst the inner layer consists of colourless glass, 

Painting on glass is effected by means of a very fusible glass, 
which when melted gives the required tint ; this glass is reduced 
to avery fine powder, and worked up with turpentine into.a pigment : 
it is then applied with o pencil to the surface of sheet of ordi- 
nary glass. The painted glass is afterwards subjected to a heat 
which is sufficient to melt the coloured glass, but is not intenso 
enough to soften the glass to which it is applied. 

Enamel is the term given to an opaque glass, which owes its 
opacity to the presence of binoxide of tin: a metallic ash is pre- 
pared by calcining at a low red best a mixture of 1 part of tin 
with from 1 to 6 parts of lead, in a flat cast iron vessel; the ash so 
‘obtained is mixed with sand and alkali, the proportions of which 
eeerry: coekierably. In one reeipe for the preparation of 

, Spe 

















‘thus obtained is saturated with carbonate of baryta in order to re- 
move the exccts of acid, and is then evaporated; it yields large 
Baipecersecd the prorighesseancar otcncng sot ge 


Be triges cts clinct banca aatanceyis a Rcheae 
platinum, By long boiling with water or with a solution of tartaric 
acid, it is slowly changed into ordinary sulphate of ammonia: but 
if heated with a free alkali, sulphate of ammonia is speedily pro- 
duced, and ammonia is expelled. 

If ammoniacal gas in excess be made to act upon anhydrous 
sulphuric acid, another compound, isomeric with the former, termed 
sulphatammon by Rose, is obtained. It does not crystallize, 
and is quickly transformed when in solution into sulphate of 
ammonia, 

A third compound, which may be procured in beautiful trans- 
‘Parent crystals, is prepared by transmitting the vapour of anhy- 
drous sulphuric acid into ammoniscal gas in excess; the solid 
compound thus obtained is fused in a current of dry ammonia, 
and dissolved in water. ‘The crystals obtained on evaporation, 
accarding to M, Jacquelain, consist of 3(H,N)+4 SO, Although 
the solution of this compound has an acid reaction, it gives no 
precipitate with salts of baryta. 

(509) Sulphurcus Ammonide, (HN, SO,)—If dry sulphurous 
acid gas be mixed with an excess of perfectly dey ammoniacal gas, 
2 volumes of sulphurous acid and 4 of ammonia combine and 
form a yellow, amorphous, volatile, deliquescent compound, which 
when dissolved in water undergoes gradual decomposition, 

Tf the sulphurous acid be in excess, a different compound is 
formed (H,N, 2 SO,), corresponding in composition to bisulphite 
of ammonia from which 2 equivalents of water have been abstracted ; 
HN, 2 SO,+2 HO=(H,NO, HO, 2 8O,). It isa reddieh-yellow, 
crystalline, volatile substance, freely soluble in water; when in 
‘solution it is speedily decomposed into sulphate and trithionate of 
ammonin; 2(H,N, 2 SO,) + 2 HO = H,NO, 80,+H,NO, 8,0,. 
No such decomposition occurs when the\ ordinary: iiaulphital af 
ammonia is dissolved in water, 

Anhydrons: and carbonic acids also form ammo- 

Paiflos which aro- analogous to thoto which have just been deserted, 
) Dry ammonincal gus likewise unites with facility with the 
ee esala tabie coforoundecsbichrany peokaseavde 














of the alkali in which the elements of water are necessarily pre- 
‘sent; the other class consists of the ammonides already described. 
The theory of ammonium is supposed to derive considerable 
Be rea tnnsalis pe de 
‘of potassium or of sodium be moistened with a concentrated solu- 
‘tion of sal ammoniae (H,NCI), the amalgam immodiately begins 
to increase in bulk, and ultimately swells up till it nequires eight 
‘or ten times its original volume, and it at the same time assumes 
‘® pasty consistence, but still preserves its metallic Instre. This 


substance, ‘ 

enbes. Tt begins to decompose spontancously immediately after 
‘its production, and the same effect occurs still more rapidly if it be 
placed in water; hydrogen gas is given off in minute bubbles, and 
‘ammonia isfound in the solution. It is gencrally supposed that this 
remarkable amalgam consists of a combination of H,N (or ammo- 
sium) with mercury, On attempting to expel the mercury by heat, 
however, the compound is decomposed, metallic mercury sublimes, 
anda mixture of hydrogen and ammoniacal gas is evolved: all 
‘other attempts to isolate the ammonium have been equally wnsuc- 
cessful. The proportion of ammonium present in the amalgam, 
‘notwithstanding the great Se ep 
extremely minute, amounting, according to Gay Lussac 

‘Thénard, to little more than SF ears wigane tea 


(512) The preparation of ammoniacal gas and of its aqueous 
solution have been already described (311). The solution in 
water has an intensely alkaline reaction, and may be regarded 
ss a solution of oxide of ammonium, H,NO; but when heated, 
pure ammoniacal gas, HN, alone ix expelled, and by passing the 
gas through a tube filled with quicklime to absorb the water which 
it carries over with it in suspension, ammonia may be obtained in a 
state of purity. ‘The solution in water, when neutralized by acids 
and evaporated, yields salts of oxide of ammonium. 

(513) Sutratoxs ov Ammoxium—Ammonium forms several 
sulphides which are freely soluble in water. The protosulphide, 
NS, cannot be procured in a solid form; it may be prepared, 
like the protosulphide of potassium, by dividing a quantity of solution 
of ammonia into two equal portious, through one of which sul- 
phuretted hydrogen is transmitted ws long as it is absorbed; the 
saturated liquid is then added to the second portion of the solution, 
‘Whe protosulphide of ammonium dissolves many of the sulphides of 
‘the metals which form acids with oxygen (442). Many of these 
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‘of ammonia cannot exist at that temperature, ‘Tho decomposi- 
tion may be represented thus —— 
2 (HN, Cl) +3 (CaO, CO,)=3 CaCl+2 HNO, 3 CO,+ HNO. 
‘The sesquicarbonate of ammonia has a strong pungent smell, 
Tike that of pure ammonia, arising from the continual volatilization 
of the neutral carbonate at ordinary temperatures, It has an 
acrid taste aud astrong alkaline reaction, Its aqueous solution, 
if saturated and exposed to a temperature of 32° F., deposits 
large transparent octohedra with a rhombic base, According to 
the reseaches of Rose there are several compounds resulting 
from the combination of carbonate of ammonia with different 
proportions of bicarbonate of ammonia. 

The Bicarbonate of Ammonia (HO, H,NO, 2 CO,, Eg. 79, 
Sp. Gr. 1-586) is isomorphous with the corresponding potash salt ; 
it is soluble in 8 parts of cold water, and if the solution be heated 
carbonic acid escapes ; when exposed to the air the dry salt 
slowly volatilizcs. It may be obtained in large transparent 

, derived from 2 rhombic octohedron, 2 (HO, 
HNO, 2 C0,)-+HO, by pouring boiling water upon the sesqui~ 
carbonate, corking the flask, and allowing it to cool, It is 
sometimes formed spontancously during the decomposition of guano, 
and is then deposited in large regularly formed 

Carbonate of ammonia combines with many metallic car. 
Donates, forming double salts, 

(517) Phosphates of Ammonia, corresponding to those of soda, 
may be formed ; but the only one of any importance is the tribasic 

| phosphate of soda, oxide of ammonium, and water, known as 
microcosmic salt (HO, NaO, NH,O+PO,+8 aq); eg, 138+72. 
Tt is prepared by mixing a hot solution of 6 parts of phosphate of 
soda with a solution of 1 part of muriate of ammonia in the 
smallest possible quantity of water; common salt remains in 
solution, and the phosphate crystallizes in large transparent prisms, 
which are efllorescont in a dry air, It may be purified by a 
second crystallization from a small quantity of hot water, to 
Which a little free ammonia has been added to compensate for the 
Joss of ammonia which the salt sustains when heated in solution, 
By ignition all the oxide of ammonium and water are expelled, 
metaphosphate of soda remains, and fuses into a colourless glass 
atared heat. This salt is sometimes employed as n flux for 
experiments with the blowpipe, as the glass dissolves many 
metallic oxides and forms transparent beads, from the colour of 
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‘carbonic acid; as a result of thia action it fills to powder, and 
Decomes what is termed air stacked ; in this case a compound is: 
gradually formed, which consists of an equivalent of carbonate with 
au equivalent of hydrate of lime, CaO, CO,+Ca0, HO. 

Lime is soluble in abont 700 parts of cold water; this solu 
tion is known as lime water; the earth, however, is less soluble in 
hot than in cold water, so that if lime water saturated in the cold 
‘be raised to the boiling point, half the lime ia deposited, and is re- 
dissolved a6 the solution cools. Lime water is much employed ns 
8 test for the presence of carbonic acid, which instantly renders it 
turbid: it has x distinct alkaline reaction, and an acrid taste: by 
evaporating it in vacuo, Gay Lussac obtained from it the protohy= 
drate of lime crystallized in hexahedral plates, Hydrate of lime is 
decomposed by a red heat, and pure lime remaina, 

_ Milk of lime is merely hydrate of lime diffused through water : 
in slacking lime for its preparation, and indeod, generally where the 
hydrate is required in a fine state of subdivision, it is best to use 
boiling water in quantity nearly equal to twice the weight of the 
Time; the powder may afterwards be readily diffused through cold 
water, 

(534) Mortars and Cements,—The great consumption of lime 
in the arts is for the purpose of making mortars and cements. 
Pare lime, when made into paste with water, forms a somewhat 

mass, which sets into a solid as it dries, but it gradually 
‘eracks and falls to picces, It docs not possess sufficient cohesion 
to be used alone as a mortar; to remedy this defect and to prevent 
Bim abrinksge: of the mass the addition: of sand is found to’ be 
necessary. Ordinary mortar is prepared by mixing 1 part of lime 
into a thin paste with water, and adding 3 or 4 parts of sharp sand, 
‘of tolerable fineness: the materials are then thoroughly incorpo- 
AV gassed tievugh « siove to separate tumte of iespeeSeip 
‘burned lime= a suitable quantity of water is afterwards worked 
nto it, and it is then applied in a thin layer to the surfaces of the 
stones and bricks which are to be united. ‘The bricks or stoncs 
ek albeit tidy leredemten cere 
they may not absorb the water from the mortar too mpidly. The 
completeness of the subsequent hardening of the mortar depends 
nly upon the thorough intermixture of the lime and sand, 


orb fparbomte acid fre the: alr but this change is never com 
te, for the central portions, after a lapse of many ages, are still 
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the particles preventing their subsequent union with the hydrate 
of lime. The immediate cause of solidification in these 

Times appears to be the formation of a hydrated compound of lime 
with the silica and alumina, but in process of time a silicate and. 
aluminate of lime are formed. 

(536) Other uses of Lime.—Lime is also largely employed as 
@ manore, and it is particularly valuable upon very rich vegetable 
soils, such as those formed over peat bogs; its cects in these 
eases are partially due to the decomposition of the organic matter, 
which it renders soluble and capable of assimilation, while the lime 
itself is converted into carbonate. It has been found that limestone, 
containing much carbonate of magnesia, yields a lime unsuited to 
agricultural purposes = dhl te tated bs a fash tae 
absorbs carbonic acid much more slowly than lime, and remains 
caustic for a longer period, in which state it appears to be injurious 
to the tender shoots of the young plants, 

The strong affinity of lime for carbonic acid renders it a valu- 
able material for separating this acid from the carbonates of potash 
mul soda, which may thus be obtained in a caustic form. Its 
attraction for water furnishes a means of removing this liquid from 
many substances, such as alcohol, which retain it with considerable 
force ; the finely powdered lime is mixed with the aleohol, and the 
mixture having been allowed to stand for a few days, with occa- 
sioval agitation, is subjected to distillation: the anbydrous aleohol 
passes over, leaving the water combined with the lime. Lime is 
cmmployed aleo as a direct chemical agent in the purification of 
coal-gas, and a8 a means of loosening the epidermis, and facili- 
tating the removal of the hair from hides, a8 a preliminary to the 
process of tanning. 

Binoxide of hydrogen forms an insoluble compound with lime, 
which precipitates in crystalline scales when the binoxide is 
poured into lime water: it is very unstable, and undergoes spon- 
tancons decomposition at the temperature of the air, This eub- 
stance is generally spoken of as dinaxide of calcium, 

(537) Sulphides of Calcium —Calcium forms several compounds 

ith sulphur. 

The protesulphide of calcium, (CaS), Ey. 36, ia procured by 

a mixture of sulphate of lime and charcoal by heat, aa 
directod for sulphide of barium. It is very sparingly soluble in 
-water, and is phosphorescent when newly prepared. ‘This property 
‘was first observed by Canton, in an impure sulphide of calcium, 
which he obtained by calcining oyster shells in an open fire for half 

By 
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(539) Chloride of Cateium, (CoO, 6 an), Eg. 55:5 +54, Sp. Gr. 
Crea gl 1'680.—This salt is prepared by diesolving chalk 

acid, to dryness, and fusing the residue 
igen By evaporation of its solution it may be obtained in 
striated prismatic four-sided crystals, with 6 equivalents of water; 
and if heated to 300° it forms a porous maas which atill retains 2 
‘equivalents of water ; in this state it is well adapted for the desic- 
cation of gases. It is an extremely dcliquescent salt, is soluble im 
alcohol, ab Say bo cbtaings) mite sloanribasctatia crystallized 
in rectangular plates, containing 2 equivalents of alechol. Chloride 
of calcium absorbs ammonia rupidly, and forms a compound with 4 
‘equivalents of the gas. A solution of the chloride, if boiled with 
quick lime and filtered while hot, deposits long, flat, thin crystals 
Beer reeee carbide, ssnwating (atts Cal s5 x4) aay 
are decomposed both by water and by alcohol. 

Fluoride of Calcium (CaP, Ey. 39, Sp. Gr. 3°14) is am abun- 
dant mineral, well known 23 fluorspar, which occurs either massive 
or crystallized in forms allied to the cube. It is found accom- 
panying the lea veins in Cumberland, Derbyshire, and Cornwall, 
and ‘s met: with in a variety of other localities, of various colours, 
most frequently blue, green, or white. Fluorspar ix the principal 
source whence the compounds of fluorine are obtained. Fluoride 
of calcium, in minute quantity, is found in sea water (Dr, G. Wilson), 
and in many springs; it is a never-failing companion of phosphate 
of lime in the bones and teeth of animals, and indeed ix always 
found to accompany phosphate of lime in the mineral kingdom also 
in small but variable quantitics, Most varictics of fluorspar, when 
gently heated, become phosphorescent, emitting a pale green or 
violet light ; if heated more strongly, the crystals decrepitate, and 
each fragment becomes enveloped for a few seconds in a beautiful 
halo of light. It loses this property after having been once heated ; 
@ phosphorescent fluor, dissolved in hydrochloric acid, and preci- 
pitated by ammonia, retains its power of emitting light when heated, 
bat if it had been previously heated sufficiently to destroy the 
phosphorescence, this property is not restored by solution and 

jitation. 

Fluoride of calcium absorbs sulphuric acid if mixed with it at 


acid, but with dry boracic acid it yields borate of lime and borofluorie 
=a ‘Hydrochloric acid dissolves it in small quantity. When fused 
Bere 
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a crystalline structure, and loses the power of setting or solidifying 
when mixed with water by recombining with the 2 equivalents it 
had lost, 

SE eee serpen eae haepars bee 


stance, it were desired to copy a medal: a raised rim of pasteboard 
is attached to the medal, which is anointed with a little oil, to 
prevent the plaster from adhoring to its surface, ‘The dried plaster 
is then mixed with water till it is of the consistence of thin cream, 
and is immediately applied carefully with a hair pencil to every part 
of the surface, so as to exclude air, after which a thicker cream is 
poured into the mould: in a fow minutos tho mass becomes solid, 
and the cast may be removed from the medal. 

‘The addition of 1 or 2 per cent. of many salts, particolarly of 
alum, of sulphate of potash, or of borax, confers upon gypsum some 
propertics of considerable practical importance. Gypsum which 
has been thus treated will endure a dull rod heat without losing its 
power of setting when mixed with water. Tt becomes much denser 
than ordinary plaster, and when mixed with water, sets in the course 
of a few hours and forms a hard material which takes a high 
polish. Keene’s, Martin’s, and Keating’s cement are the names 
under which plaster 20 treated is known. Stucco consists of 
coloured plaster, mixed with a solution of size, The different 
colours exhibited by stucco are obtained by the admixture of oxides 
of iron and other metals, By friction its surface is susceptible of 
a high polish. 

Sulphate of lime forms a double salt with sulphate of eoda, 
which is found native under the name of glauberite (NaQ, SO,+ 
CaO, SO,) ; it is anhydrous, and nearly insoluble in water. 

Nitrate of Lime (CaO, NO, 6 ay, By. 82454) is a deliques. 
cent salt, which crystallizes. i in long prisms; when anhydrous, it 

emits light if gently heated. It is soluble in alcohol. 

(541) Carbonate of Lime (CaO, CO,); Eg. 50; Sp. Gr. of 
Teeland spar, 2°72, of Aragonite, 297. This substance is one of the 
most abandant components of rocks and minerals, In the 
amorphous condition, it forms the different varieties of limestone, 
oolite, chalk, and calcareous marl ; it is the principal constituent 
of corals, of the shells of fishes, and of the eggshells of birds; it 
also enters in greater or less quantity into the bones of animals. 
‘In minute granular crystals it forms the different kinds of marble, 
ani it is found in a greater variety of regulur crystalline forms 
than any other known compound. Its primary form is a rhombo- 
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Fines up to mect the stalactite which depends from the roof: in 
this way o natural pillar of crystallized carbonate of lime is formed. 

‘Tt is in a similar manncr that the calcareous deposits from the 
lakes of volcanic districts are produced. ‘These deposits, when 
porous, have received the name of fufiz; when more compact they 
are termed fravertine, ‘Travertine is formed abundantly in many 
of the Italian lakes ; it was highly valued for architectural pur- 
poses by the Romans, as it was a material ensily wrought, and 
possessed great durability and beauty. 

“Many spring waters contain carbonate of lime held in solu 
tion by carbonic acid ; when the water ix boiled this acid is expelled, 
and the carbonate is deposited, forming a lining more or less 
coherent upon the sides of the vessel. In steam boilers this becomes 
serious evil; it is effectually prevented by the addition of a #mall 
quantity of sal ammonine to the water; carbonate of ammonin is 
formed, and volatilizes, while chloride of calcium remains dissolved. 

Dr. 'T, Clark has introduced a plan for softening such cal- 
carcous waters, by removing the carbonic acid from them, and 
causing the precipitation of the carbonate of lime by thus depriving 
it of its solvent. This method consists essentially in the addition 
of milk of lime to such waters, until the water gives a very 
faint brown tinge on testing it with a solution of nitrate of 
silver; this reaction indicates that a slight excess of lime has been 
aided, which occasions a precipitate of brown bydrated oxide of 
silver, In this operation the lime combines with the excess of 
carbonic acid in the water; the earbonate of lime thus formed, 
being insoluble, precipitates along with the portion of carbonate of 
ime previously held in solution by the carbonic acid. After,the 
lopse of twenty-four hours the water becomes perfectly bright and 
clear. If colouring or ongnnic matters be present in the water, » 
considerable portion of both go down with the chalk. In applying 
this process upon a large scale, it is found advantageous to add a 
slight excess of lime in the first instance, and afterwards to destroy 
this excess by a fresh addition of unlimed water, The carbonate 
of lime then separates in granular crystals, which speedily subside. 
‘These crystals are formed xouch more slowly if the lime be not 
first in slight excess. 

(543) ay Solr it nhncnint ies Roa Oy 
of some of the materials most highly prized for building purposes, 
besides furnishing the costly yarictics of marble used for interiors, 
‘The oolites, such as those from the Isle of Portland and the neigh- 
bourhood of Bath, resist the weather admirably; they admit of 
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filtered solution by caustic ammonia. This phosphate is insoluble 
im water, but is readily dissolved by acetic, and the stronger 
acids. It occurs native as a white amorphous mineral, known 
under the name of phosphorite. 

A tribasic phosphate of lime occurs naturally crystallized in 
hexagonal prisms, which, when colourless, are called apatite ; when 
of a green colour it is termed morowite; in these minerals the 
phosphate is associated with variable quantitics of fluoride of calcium. 
When rhombic phosphate of soda is aded drop by drop to-an excess 
of chloride of calcium, a semi-crystalline precipitate falls, which 
nccording to Berzclins, consists of (2 CaO, HO, PO;, 3 aq). 
Several other phosphates of lime may be formed, corresponding in 
Composition to the various phosphates of soda, 


(545) Caanacters or tHe Saurs or Lime—The salts of lime 
are colourless. They give no precipitate with ammonia, but yield a 
white precipitate of carbonate of lime, with the alkaline carbonates. 
Solution of sulphate of lime produces no precipitate ; the lime salts 
are thus distinguished from those of baryta and strontia: they yield 
no precipitate with kydrosulphate of ammonia. Oxalate of ammonia, 
even in very dilute solutions of lime, throws down a white oxalate 
of lime, which dissolves in nitric and hydrochloric acids. 

In the determination of lime for analytical purposes the oxalate 
isthe precipitate usually employed; but before weighing, it is heated 
to dull redness, 30 28 to convert the oxalate into carbonate of lime: 
100 parts of carbonate of lime contain 44 parts of carbonic acid 
and 56 of lime. If no other base be present, lime may also be 
estimated in the form of sulphate, If the lime be not already in 
the state of sulphate, the salt is heated with an excess of sulphuric 
acid, and ignited ; when cold, it is weighed : 100 grains of sulphate 
of lime contain 41-17 of lime. 


§ IV. Maonrstem. 
Symbol, Mg; Equivalent, 12; Specific Gravity, 1-7. 


(545) Macnesiom is usually classed with those metals the 
oxides of which furnish the alkaline earths, but it is much more 
analogous to zinc in its properties than to any other element. 
Magnesium is an abundant ingredient of the crust of the earth. 
It is found in Inrge quantities as a double carbonate with lime, 
forming magnesian limestone, or dolomite. Tt is contained 
abundantly in sea water as chloride, and in many springs as 
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combines with it, and forms a hydrate (HO, MgO), which slowly 
absorbs carbonic acid from the air: no sensible elevation of tem- 
= ieasseertaicsL apap ernie A native hydrate 
of similar composition occurs in crystalline 

Sulphide of Magnesium (Mg8), Eq. ee compound is but 
sparingly soluble in water. It may be obtained by precipitat~ 
ing a boiling solution of sulphate of magnesia by sulphide of 
potassium, when it falls as a white mucilaginous mass, 

(548) Chloride of Magnesium (MgCl, Ey. 48, Sp. Gr. v177) 
is obtained by dissolving 1 part of magnesia in hydrochloric acid, 
and adding 3 parts of sal ammoninc in solution, the mixtare is 
evaporated to dryness; by this means a double chloride of mag- 
Besiom and ammonium is formed (NH,Cl, 2 MgCl), which may 
be evaporated without loss of acid, whilst the solation of mere 
chloride of magnesium is partially decomposed during evaporation. 
When the double salt is ignited in a covered crucible, the sal am~ 
moniac is expelled, and pure chloride of magnesium remains, At 
a red heat it fuses to a transparent liquid, which forms « silky 
looking mass of confused crystals on cooling. Chloride of magne- 
sium is deliquescent, and gives out heat whilst dissolving in water ; 
by evaporation at a low temperature it may be obtained im 
erystalline needles which contain 6 equivalents of water. It is 
tolable in alcohol; it forms double chlorides with the chlorides 
of the alkaline metals. 7 : 

(549) Suiphate of Magnesia, (M0, S0y HO, 6 x); 6 
+633 Sp. Gr. anhydrous, 2-706, eryst. 1°660-—This és the most 
important salt of magnesia, It is made in very large quantities 
from sen water, cither by precipitating the magnesia by means of 
dime, and then dissolving it in sulphuric acid, or by first crystallizing 
out the greater part of the common salt, and treating the mother 
Yiquor with sulphuric acid; by evaporation, crystals of the sulphate 
are obtained. The sulphate is also procured in considerable 
quantitics from maguesion limestone: the rock is burnt, slaked, and 
largely washed with water to remove part of the lime; it is then 
treated with sulphuric acid, and the sulphate of magnesia is separated 
from the sparingly soluble sulphate of lime by solution and reerys- 
tallization. Sulphate of magnesia is a common ingredient in 
mineral waters. Its trivial name of Epsom salts is derived from 
the circumstance of its being largely contained in many springs in 
the neighbourhood of Epsom, from the waters of which it was 
at one time obtained. 

Sulphate of magnesia dissolves in g times its weight of water 
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Licarbonate, leaving the carbonate of Time: the clear liquid, 
when boiled, deposits the carbonate of magnesia, which is drained 
and dried in a stove at a low temperature. 

By mixing a solution of nitrate of magnesia with nn exccss of 
a saturated solution of bicarbonate of potash, and allowing the 
solution to stand some days, a remarkable double salt is deposited 
in regular crystals, composed of 2 (MgO, CO,)+(KO, HO, 2 CO,) 
+8 ag, but which is decomposed by re-dissolving it in water. The 
corresponding salt of soda is mare stable, 

A native Borate of Magnesia, a (MgO, BO,)-+(MgO, 2 4 BO, 
named foracite, is found crystallized in cubes; it is rendered 
electric by heat. 

(551) Silicates of Magnesia—Silica and magnesia may be artifi- 
cially combined in many proportions. A large number of minerals 
are formed, either wholly or partially, of the silicates of magnesia. 
Olivine, or chrysolile, 2 (Mg¥e)O, SiO, is a crystallized mineral, 
aally' of wgreen colour, obtained from basaltic and voleanie rocks ; 
it frequently accompanies masses of meteoriciron. Tule is a very soft 
slaty mineral, which has a formula 2 MgO, SiO,,+2 MgO, 3 SiO,, 
Steatite, or soapstono, is MgO, SiO, +2 MgO, 3 SiO, Pierowmine 
is the neutral hydrate 2(MgO, SiO,) ag. Meerschaum is another 
hydrated silicate, of which the formula is 2 MgO, 3 SiO,+4 aq. 
Serpentine, 2[(MgFe)O,Si0,) + MgO, 2 aq, is another hydrated sili- 
cate of magnesia, in which a portion of the magnesia is often dis- 
placed by protoxide of iron. Serpentine frequently occurs in compact 
masses, which take a high polish, and from the beauty of its varie- 
gated colours, it is ofien employed for ornamental purposes. Tt is 
readily uttacked by acids, and occurs in sufficient abundance to be 
employed as a source of the salts of magnesia. 

The double silicates of magnesia are still more numerous. 
Alugite or pyroxene is one of these; it is a crystalline mineral, 
often found in basalt and Java, and is a silicate of lime and mag- 
nesia, portions of which are often displaced by protoxides of iron 
and manganese (CaMgFeMn) 0, SiO, Hornblende or Amphibole 
isa silicate and aluminate of magnesia, lime, and protoxide of 
iron, with a variable proportion of the fluorides of calcium and 
potassium, 3 [(MgCaFe) O, 3i0,]+2 (MgCaFeMn) 0, 3 SiO, + 
w@ (KCa) PL It occurs sometimes in dark green or black crystals, 
at other times massive, disseminated through many rocks, such ag 
syenite and porphyry, and frequently in basalt and lava. Asbestos and 
Amianthus commonly consist of a fibrous variety of amphibole. 

(552) Triphosphate of Magnesia and Water (HO, 2 MgO+PO, 





alkalies),—The salts of these metals when in solution are distin- 
guished by the following characters. 

1. By the absenceof any precipitate on the addition of a solution 
of carbonate of potash, or of soda: in the case of lithia, if the salt 
excced two per cent. of the solution, a precipitate of carbonate of 
Tithin is liable to occur. 

a. By the absence of any precipitate when sulphuretted 
hydrogen or hydrosulplute of ammonia is added to the solution. 

3. By the occurrence of a precipitate with bichloride of pla- 
Ae haicsen cr mall‘ aeumcrtaen, cw ataeoteaiies and by 
the formation of prismatic crystals of the double chloride of sodium 
and platinum when evaporated in the presence of salts of soda. 

(555) Estimation of Potash and Soda.—¥f the relative pro- 
Peeeenssiitir ptt vag. coda\ be. nots xeetieed Sees teas 
ined weight is usually ascertained in the form of sulphates. 
‘They may in most cases be readily obtained in this condition 
hy treating the solution with sulpburie acid, evaporating to 
Aryness, and fasing the mass ina platinum cracible in which a 

of is suspended. The excess of 


acid combined with the potash and soda is determined by precipi- 
tation with chloride of barium. When ammonia is present with 
salts of potash and soda, its amount may be determined by distil. 
ling off the ammonia in the manner already described (522). 

Jn order to determine the quantity of potash and soda in a 
mixture of the salte of the two bases, they should be converted into 
the state of chlorides, and heated to low redness to expel moisture 
and all ammoniacal salts, allowed to cool, and weighed; a certain pro- 
portion of these mixed chlorides (ten or twelve grains will suffice) is 
then mixed with an excess of the bichloride of platinum, evaporated 
to dryness over a steam bath, and the exccas of bichloride of platinum 
and chloride of sodium removed by washing with aleohol of specifie 
gravity 860. The erystalline residue is collected on a filter and 
weighed. One hundred parts contain 30°53 of chloride of potas- 
tium. The quantity of chloride of sodium is obtained by deduct- 
ing the weight of the chloride of potassium from that of the mixed 
chlorides employed. 

(556) The conversion of the alkaline bases into the condition 
of chlorides, previous to precipitation by the bichloride of platinam, 
if they are not already in that form, is rather troublesome. They 
may he firet converted into sulphates by evaporating the solution 
with a slight excess of sulphuric acid and igniting the residue ; 
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by the addition of oxalic acid, which occasions a precipitate of 
oxalate of lime that ean be separated on a filter, but need not be 
weighed. The earthy carbonates must now be dealt with in the 
following manner — 

(559) Separation of Baryta, Strontia, Lime, and Magnesia 
from cach other—The alkalies having been separated in the 
manner just described, the carbonates of the carths which in the 
preceding operation did not dissolve in water are taken up with 
dilute nitric acid, and the liquid is largely diluted, Sulphuric acid 
iy then added us long as it occasions a precipitate, 

If the liquid originally contained no alkaline salts it will not be 
necessary to convert the earths imto carbonates, but the solution 
may be aimply diluted, acidulated with nitric acid, and mixed with 
sulphuric acid, as before. 

‘This precipitate may consist of the sulphates of haryta and of 
strontia. It must be collected, washed with boiling water and 
weighed, then fused with thrice its weight of carbonate of soda, 
by which it will be decomposed; double decomposition occurs, 
carbonates of baryta and strontia, and sulphate of soda being formed. 
The carbonates of baryta and strontia, being insoluble, are sepa- 
rated from the soluble sulphate of soda by washing, aud the care 
bonates of the two earths are converted into chlorides by the action 
of dilute hydrochloric acid. The chlorides of barium and etron- 
tium are evaporated to dryness, weighed, and may then be 
with tolerable exactness by the action of alcohol, which dissolves 
the chloride of strontium, but leaves tliat of barium untouched. 

The acid liquid from which the baryta and strontia bare been 
separated is rendered slightly alkaline by ammonia, and the lime 
precipitated a8 oxalate, by means of oxalate of ammonia: this pre- 
cipitate, after being well washed, is heated to dull redness, and 
is estimated as carbonate of lime. 

The filtrate, which may still contain magnesia, is mixed with 
phosphate of soda, briskly stirred, nnd allowed to stand for twelve 
hours, to give time for the granular crystalline phosphate of mag- 
nesia and ammonia to subside: it is collected on a filter, washed 
with water which contains free ammonia, and estimated after 
ignition as pyrophosphate of magnesia. 

(560) It will generally be found more convenient in separating 
the alkaline carths from the alkalies, in the first place to precipi- 
tate the baryta and strontia by sulphuric acid from the dilute 
acidulated solution; then to neutralize by ammonia, and separate 
the lime by the addition of oxalate of ammonia ; to evaporate the 

Bo 
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Tn cases where gelatinous precipitates, like oxide of iron, or 
‘lumina, are to be washed continuously for a long period, a sim 
contrivance 
Gay Lussac will Fro. geo, 
befound very use ] 
fal; it is merely 
a bottle of dis- 
tilled water, a, 
fig. 300, which 
hy means of a 
syphon, supplics 
the water at a 

level 
in the funnel, d; 


the bottle, a; ¢ 
is a syphon with 

limbs ‘of equal 

length, which 

passes a little deeper into the bottle than 4; the limb which dips 
into the funnel has its lower extremity a little recurved, to direct 
the pure water upwards, The funnel, d, is placed so that the 
level of the filter shall be a little above that of the Jower end 
of ¢, Under these circumstances the filter can never overflow. 
As soon as the surface of the liquid in the funnel falls just below the 
level of the lower extremity of 4, the syphon carries over a small 
quantity of water, and bubbles of air rise in the bottle, a, to supply 
its place. ‘This process goes on continuously as the water flows from 
the filter until a is empty. In order to ascertain whether # pre- 
cipitate has been sufficiently washed, a drop of the liquid which 
pasees through is evaporated on a elip of glass: it ought to leave 
no appreciable stain or residue. 

In collecting a preci from a filter, the paper should 
be dried thoroughly ; after which the portion that can be readily 
detached from the paper should be allowed to fall into the platinum 

‘or porcelain capsule in which it is intended to perform the ignition. 
‘The capsule is to be placed upon a smooth sheet of paper, and the 
filtor being held at one corner with a pair of forceps, is burned in 

&a2 
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Icable globules, resembling tin in appearance, of specific gravity 
varying between 2°5 and 2°67, fusible before the blowpipe, and un- 
changed by exposure to air. 

‘The methods of preparing it have been recently simplified by 
Bunsen (Poggend. Annal., xcii. 648) and by Deville (Ann. de Chimie, 
HL. xliii..5). Bunsen obtains aluminum by the electrolytic decom- 
position of the double chloride of sodium and aluminum (NaCl, 
AI,Cl;). This salt melts at about 356° F., and readily farnishea 
aluminum by a process similar to that already described in the 
case of magnesium; but as the aluminum is heavier than the fused 
salt, it is more ensily collected than magnesium, 

‘M, Deville prepares aluminum in the following manner: Into 
awide tube of hard glass an inch or an inch and a half in dia- 
meter, about half a pound of dry chloride of aluminum is intro: 
duced, and kept in its place by plugs of asbestos ; a current of dry 
hydrogen, perfectly free fcom nir, is transmitted, and the chloride 
of aluminum is very gently heated ; in this way traces of hydro- 
chloric acid and chlorides of sulphur and silicon are expelled. 

‘Three or four small porcelain trays, each containing 40 or 50 
grains of sodium, freed from adhering nnphtha by pressure between 
folds of blotting paper, are then introduced into the tube; the 
current of hydrogen is still maintained, and heat is applied to the 
part of the tube which contains the sodium. ‘This end of the tube 
must be slightly elevated, in order to prevent the melted chloride 
of aluminum from ranning down upon the sodium ; in which esse 
the heat emitted is so intense as to crack the tube. 

When the sodium is melted, the chloride of aluminum is gra 
dually distilled over by the application of a regulated heat, and is 
reduced with vivid incandescence, A double chloride of aluminum 
and sodium forms in the porcelain trays around the reduced alumi- 
num. These trays and their contents are withdrawn when cold 
from the glass tube and placed in a porcelam tube through which 
acurrent of hydrogen is transmitted, whilst the tube is raised to a 
bright red heat; the aluminuim fuses into globules in the porcelain 
trays; and by fusing it once more in a porcelain crucible under a 
layer of the double chloride of aluminum and sodium, a pure 
button of aluminum is eventually obtained. 

(564)'As prepared by Doville’s process, aluminum is a white 
‘malleable metal, nearly resembling silver in colour and hardness ; 
it may be rolled into very thin foil and admits of being drawn into 
fine wire ; after it has been rolled, it becomes much harder and more 
elastic, It conducts electricity nearly as well as silver. Aluminum 
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in grinding and polishing, is another form of alumina, coloured with 
oxides of iron and 

‘To obtain alumina, tert sufficient to ignite pure ammonia 
alum ‘epee ticlal ee ay SO, + 24 aq) intensely for some 
time; the water, ammonia, and sulphuric acid eseape, and anhy- 
drous alumina is left, It is, howevor, nearly impossible to expel 
the last portions of sulphuric acid, as the salt swolls up enormously 
and forms x white, porous, infasible mass, which is an extremely bad 
conductor of heat. Alumina may also be procured from alum 
quite free from iron, which should be dissolved in water and 
precipitated by carbonate of potash in slight excess: the liquid 
should be warmed, and the precipitate well washed: as traces of 
potash always adhere to it obstinately, it must be redissolved in 
hydrochlori¢ acid, and then thrown down by ammonia. or carbonate 
of ammonia: it falls as a white, semi-transparent, bulky, gelatinous 
hydrate, which must be again thoroughly washed, In this form 
alumina is completely soluble in potash, and is readily taken up 
by acids. On drying it contracts very much, and forms a yel- 
lowish, translucent mass, like gum.  Diaspore is a natural 
hydrate (Al,O, + aq), which decrepitates strongly when heated, 
aund falls to powder. 

The hydrate of alumina when ignited loses its water, and at 
a certain temperature presents an appearance of sudden incandes- 
cence; it contracts greatly at the moment that this effect is pro- 
duced, and is afterwards nearly insoluble in acids. Hydrate of 
alumina is strongly hygroscopic, and adheres to the tongue when 
applied to it. 

Alumina fuses before the oxyhydrogen blowpipe, and yields a 
colourless, transparent mass, resembling corundum. It forms salts | 
with the more powerful acids, but these sults are readily decom | 
posed: they all have an acid reaction ; and indeed alumina possesses 
properties which approach somewhat to those of an acid, for it has | 
a strong tendency to unite with basic oxides. The spinelle ruby, 
for example, is a native aluminate of magnesia (MgO, Al,O,), and 
godnite is an aluminate af zine (ZnO, Al,O,). Fremy has also 
obtained @ white granular compound of alumina with potash, to 
which he assigns the formula (KO, Al,O,). When the solution 
of alumina in potash is exposed to the air it absorbs carbonic acid, 
and 2 terhydrate of alumina is deposited in regular crystals. 

Alumina when combined with silica forms clay, which is the 
basis of porcelain and of earthenware. To the dyer and the 
calico printer the compounds of alumina are of high value; the 


be 
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ing a moderate heat ; ¢ is a wash-hottle containing water; d con- 
tains sulphuric acid ; ¢ is n bent tube filled with pumice stone soaked 


Fro. gor. 





with oil of vitriol, to remove’ the last traces of moisture; g is an 
earthen retort filled with the mixture of charcoal and alumina, 
heated by a charcoal fire. ‘The chlorine is conveyed nearly to the 
bottom of this retort by means of a porcelain tube, # luted into 
the tubulure: the gas reacts upon the mixture in the retort, forming 
carbonic oxide and chloride of aluminum ; and the chloride of alu- 
minum condenses in the gas-jar, 4, which is placed for its reception = 
theopen mouth of this jar is closed by means of'a funnel, luted on with 
astrip of pasted paper; and the carbonic oxide eseapes throngh the 
‘open tube, #, into the chimney. In order to purify the crade chloride 
of aluminum from the volatile perchloride of iron which usually ac- 
companies it, the componnd is redistilled from iron wire, by which the 
perchloride of iron is converted into protochloride, which is not vola- 
tile, and the chloride of aluminum sublimes in « state of purity. 
Tf chloride of aluminum be heated in considerable mass, it 
melts ata dull red heat, and near its fusing point sublimes rapidly ; 
when exposed to the air it cmits fumes of hydrochloric acid; it 
is very deliquescent, and when thrown into water hisses from the 
heat developed by the violence of the combination. This solution, 
when concentrated by a very moderate heat, yields crystals which 
contain 12 equivalents of water (Bonsdorff). It is soluble in alcohol. 
By subliming chloride of aluminum in a current of sulphuretted 


4, OD reaaiigitayoomen as in France, by gently igniting 
pipe-clay, or some other clay free from iron, then grinding it to 
fine powder and mixing it with half its weight of sulphuric acid ; 
the mass is exposed to heat in a reverberatory furnace, stirring 
frequently till it becomes stiff; it is then removed, and exposed to 
the air for 4 or 5 wocks ; the clay is gradually decomposed by 
the acid, and sulphate of alumina is formed ; this salt is afterwards: 
lixiviated out, and converted into alum by the addition of sulphate 
of potash, 


3 A third process is resorted to in England and Germany for 
the purpose of turning alum schist to good account. ‘This mineral 
is abundant at Whitby, in Yorkshire, and in the neighbourhood of 
Glasgow : it isn bituminous shale, found amongst the lower beds 
‘of the coal measures, and it contains a large quantity of very finely 
divided iron pyrites, disseminated through its mnss which is 
composed chiefly of a siliceous clay, The mineral is decom- 
posed either by exposnre to the air or, as is more usually practised, 
hy a slow rousting, conducted upon the ore arranged with alter- 
nate layers of fuel in long heaps or ridges, which are covered more 
or less completely with spent ore, in order to regulate the heat 
‘and to absorb the excess of sulphuric acid. In this operation the 
pyrites, or bisulpbide of iron, is converted into the protosulphide 
of iron, losing half its sulphur, which absorbs oxygen and is 
converted into sulphurie acid; this acid unites with the alumina, 
while the protosulphide of iron, gradually combining with more 
oxygen, is converted into protosulphate of iron, or green vitriol ; 
FeS,4+0,=FeS +SO,; and FeS +O,=FeO, SO, Great care is 
required to prevent the temperature from rising too high, 8 cir- 
cumstance which would be attended with decomposition of the sul- 
phate of alumina and loss of sulphuric acid. After the ronsting 
is complete, the mass is greatly reduced in bulk, and ia rendered 
porous and freely permeable to the air; the heap is allowed to lic 
exposed to the atmosphere, and is moistened from time to time; 
it is then lixiviated, and the protosulphate of iron is separated 
from the sulphate of alumina by crystallization of the liquor, 
‘The mother liquors often yield sulphate of magnesia when con- 
ventrated farther, 

In the Whitby alum works, in which the quantity of the sulphate 
of alumina much exceeds that of the sulphate of iron in solution, 
tho concentration is completed in leaden pans; being earried so far 


be 
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a soda alum may be formed, but the compound is much mors 
soluble than potash alum: in like manner the place of the seaqui- 
sulphate of alumina may be supplied by sesquisulphate of iron, of 
chrome, or of manganese, forming a remarkable series of iso- 
morphous compounds, some of which are enumerated in the 
annexed 


table :— 
Potash alum . . KO, SO,+AL0,, 3 SO,+24 aq 
Ammonia slum =, H,NO, SO0,+A1,0;, 3 SO,+24 aq 
Soda alum. . . NaO, SO,+A1,0,, 3 SO,+24 aq 
Tron alom . . .» KO, 80,+Fe,O,, 3 8O,+24 aq 


Chrome alum . . KO, 80,+Cr,0,, 3 SO,+24 ag 
Manganese alum . KO, SO,,+Mn,Oy, 3 SO,+24 aq 


Besides these true alums, a number of double salts of 
alumina may be formed with the sulphates of the oxides isomor- 
phous with magnesia, which crystallize in fine silky necdles. A 
native sulphate of alumina and manganese was found by Kane and 
by Apjohn to contain 25 equivalents of water, for which Graham 
proposes the formula, MnO, SO,, HO+ Al,O,, 3 SO,, 24 aq, repre= 
senting acompound of 1 equivalent of the sulphate of 
with its equivalent of constitutional water, in combination with the 
tersulphate of alumina. A similar salt of iron has been met with 
in the native state. 

Ordinary alum has a sweetish, styptic taste; it is soluble in about 
18 parts of cold water, and in less than its own weight of boiling 
water. The solution has a strong acid reaction, and dissolves iron 
and zine with evolution of hydrogen. When heated, this salt froths 
up, and loses its water of crystallization which amounts to nearly 
half its weight, forming, as it loses water, a tough tenacious paste, 
which is ultimately converted into a voluminous, white, infusible, 
porous mass of anhydrous or burnt alum, If crystallized alum be 
submitted to a regularly increasing heat, a certain proportion of 
the water contained in it is readily driven off: thus by a tempe- 
rature of 212°, 10 equivalents out of the 24 are expelled, and 10 
more at 248°. Tf the salt be now heated to 392°, it is rendered: 
anhydrous and insoluble in water (Gerhardt Journ. de Pharm, ULL. 
xii. 65). By ignition, alum loses a great part of its acid. 

‘Alum is largely employed in dyeing. Its volution is gradually 
mixed with carbonate of soda, so long as the precipitate is redissolved 
on: }, which happens till two-thirds of the acid have been nen~ 
tralized. The salt employed, therefore, is a solution of Al,Oy, 80; + 
Ee eEDIt {80 80)). Cloths dipped into this liquid remove the 
‘alumina thus redimolved, and contract an intimate mechanical 
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consist of hydrated silicate of alumina more or less mixed with 
other matters derived from the rocks which, by their disi i 

haye formed the clay. Clay is, in fact, the result of the combined 
action of air and water upon felspathic and siliceous rocks, and 
therefore necessarily varies considerably in composition. The 
fondamental constituent of the more important varieties of clay, 
aceording to the researches of Brongniart, of Malaguti, and others, 
is represented by the formula, 2 Al,0,, 3 SiO,+-4.0q- This appears 
to be the composition of the fire clay of the Staffordehire coal 
measures. The ordinary varieties of clay, however, contain frag- 
ments of undecomposed rock, a certain proportion of potash, and 
variable amounts of silica in the hydrated condition, mixed with 
oxide of iron, lime, and magnesia; the character of the clay ix 
materially modified according as one or other of these ingredients 


tee, 

Pare clay, before it has been ignited, forms, when kneaded, a tena- 
cious, plastic paste, which is insoluble in water, but may readily be 
diffused through it in particles which are in an extreme state of 
subdivision ; the deposit, when freed from the excess of water, ns it 
subsides, resumes its plastic character. his paste, when slowly 
dried, and exposed toa high temperature, shrinks very much, and 
splits into masses which are extremely hard, but they do nat undergo 
fusion in the furnace. Pure hydrated silicate of alumina is very 
slowly acted upon by hydrochloric or by nitric acid; but itisdecom- 
posed when heated with concentrated sulphuric acid; and upon 
this fact one of the processes for preparing alum (58) is founded, 
A gentle roasting of the clay, previous to the addition of the acid, 
frequently favours its disivtegration ; but ignition at a high tem- 
perature renders it proof against the action of all acids. Strong 
solution of potash dissolves unburnt clay very slowly ; but if alkali 
in excess be fused with clay, the resulting maga is rendered easily 
soluble in water, 

The intermixture of lime, magnesia, or oxide of iron, in any 
considerable quantity with the clay, greatly increases its fusibility, 
diminishes its plasticity, and causes it to be more readily attacked 
by acids; whilet an excess of silica renders it less fusible, 

Clay emits a peculiar argillaceous odour when breathed upon 
or slightly moistened : its presence in any soi] may be roughly but 
readily distinguished by the absorbent quality which it exhibits 
when applied in a dry state to the tongue or the lips ; it adheres 
to them strongly, and absorbs the saliva from their surface, This 
bsorbent property of clay causes it to retain ammonia in the soil 
to an extent which is of great importance to growing plants, and, 





VARIETIES OF CLAY. 


constituent preponderate, it forms an aluminous marl ; if the cnr- 
bonate of lime be in excess, it is «calcareous marl. The aluminous 
marls are extensively used in the manufacture of the coarser and 
more porous kinds of pottery. 

5- Loam is a still more mixed substance, belonging to the more 
recent alluvial formations; it is the common material of which 
bricks are made; its red or brown colour is derived from the 
large proportion of peroxide of iron which it containa, 

6. Yellow ochre and red bole are clays which derive their 
colour from oxide of iron, which is present in them in large quantity. 

Hailoysite is a white hydrated silicate of alumina which greatly 
resembles kaolin in appearance, but it is destitute of any plastic 
character, and is therofore wnfitted for the manufacture of porce- 
Jain, 

Puller’s earth is 2 porous silicate of alumina which has a strong 
adkesion to oily matters: if made into a paste with water, and 
allowed to dry upon a spot of grease upon a board or o cloth, 
it removes most of the oil by capillary action. Amongst other 
localities in England it is found abundantly near Reigate, in 
Surrey. 


Seated iheaa)atbOrpiaoemlisaton of licen, there are many 


which occur in a crystalline form. Disthene, or cyanite, is a blue- 
coloured voft mineral of this kind (Al,Oy, SiO,). 

‘The following table exhibits the composition of some of the 
more important varieties of clay used in the arts. The first two 
are results obtained by Ebelmen and Salvetat, the others arc from 
analyses executed in Richardson’s laboratory, and are quoted in 
the second volume of the English translation of Knapp’s Technolo~ 
gical Chemiatry -— 

Washed kaolin.) Stone. 
Ghinse ¥iea Corn tro 
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(571 éis.) ‘The zeolites aro hydrated double silicates in which the 

Principal bases are alumina and lime. ‘They boil up when heated 

upon charcoal before the blowpipe, and dissolve in acids, leaving 
Sa 








MICA—GARNET—VARIEVIRG OF SLATE, ‘BBL 


less compact than either porphyry or basalt. The porous pumico- 
stone of voleanic districts is probably altered felspar ; it contains a 
much smaller proportion of alkali than the crystallized mineral. 
Melted pumice constitutes obsidian, or volcanic glass. 

Garnet, which commonly crystallizes in rhombic dodecahedra, 
and idocrase, which crystallizes in square prisms, are basic double 
silicates of lime and alumina, in which part of the lime is dis- 
placed by other protoxides, and the alumina by sesquioxide of 
iron, 3(Ca Mg Fe Mn) O, 2 SiO, +(AlBe),0,, SiO, In pyrope, 
which is a spocies of garnet found in Bohemia, the colouring 
matter is partly sesquioxide of chromium, These minerals have a 
hardness greater than that of quartz. 

‘The different forms of mica are also double silicates of alumina, 
which contain in addition a small quantity of water and of some 
alkaline fluoride, Uniaxal mica consists chiefly of silicate of mag- 
nesia and silicate of alumina, 2 [2 (MgKFe) O, SiO,) + (AIFe),0,, 
2 SiO,. In biaxal miea, (K Fe) O, 3 Si0,+3 [(AlPe),0,, 8i0,], 
on the other hand, silicate of potash predominates. Lepidolite is a 
variety of biaxal mica in which silicate of lithia takes the place of 
silicate of potaeh. 

Another important double silicate of alumina and magnesia 
constitutes chlorite, 4(Mg Fe) O, Si0,+(Al Fey) O,, Si0,+3 ag, 
which occurs both massive and in crystals with a granular frac- 
ture, and is of a green colour. In the massive form of chlorite 
alate it occurs as one of the primitive rocks which is widely dis- 
tributed. Roofing slate is an argillaceous rock which splits readily 
into thin Iaminw. There are many varicties of slate. Mica slate, 
43 its name implies, contains particles of mica, to which it owes 
‘its glistening appearance. Hornblende slate contains hornblende 
in place of mica, and has little lustre, 


(572) Porcelain and Pottery Ware,—In the preparation of 
earthenware the material employed is required to possess a plasticity 
equal to that of red-hot glass, and yet to be capable of being 
rendered by heat sufficiently firm and hard to resist the mechanieal 
violence necessarily inflicted on it by daily use. 

The basis of earthenware, porcelain and china, is silicate of 
alumina; it possesses the plasticity required, and when heated 
assumes o great degree of hardness, Pure silicate of alumina, 
however, contracts greatly and unequally on drying: the utensils 
made from it would consequently be liable to crack during their 
desiccation ; in order, therefore, to diminish the amount of this 

Sar 





STONEWARE—PINE EARTHENWARE, 883 


to be the following:—Washed kaolin, 62 parts; Bongival chalk, 
4; Aumont sand, 17; quartzose felspar, 17. As however the 
composition of the kaolin varies, the admixture of the other mate- 
rinks is necessarily varicd also, so na to obtain a porcelain of 

Tn order to give m smooth surfnce to the ware, n glaze similar 
in composition to the fusible material is used. The glaze em- 
ployed at Sevres consists of a mixture of felspar and quarts, Tt 
is tranparent, and rather more fusible than the body of the ware, 
but becomes thoroughly incorporated with it, and from its simi- 
larity in composition it expands and contracts by heat uniformly 
with the paste which it covers; hence it is not liable to crack and 
split in all directions in the manner which is so commonly 
observed in the glaze of the more ordinary kinds of carthenware, 

‘The china of Berlin and Meissen ia very similar in composi- 
tion to that of Sevres: these constitute what is termed hard, or 
‘true, porcelain, 

English porcelain contains, in addition to the Cornish clay and 
felspar or flint, a large proportion of burnt bones; the glaze, 
which is transparent, usually contains both borax and oxide of 
Tead to increase its fusibility. English porcelain is softer than the 
Chinese, French, or German porcelain, and constitutes one variety 
of what the French term porcelain fendre, the munufacture of 
which in France is now rarely practised. 

2. Stoneware is a species of porcelain in which the body of 
the ware is more or less coloured, less care being taken with 
regard to the purity of the material. It generally contains more 
oxide of iron, and consequently is somewhat more fusible than the 
‘bost porcelain, and is usually ealt-glazed in a manner shortly to 
be described. Wedgwood-ware is a fine description of stone- 
ware. 

3. Fine Earthenware—Articles of this description are very 
extensively manufactured in the Staffordshire Potteries, and con- 
stitute the ordinary table service of this country. The Devonshire 
and Dorsetshire clays are those chiefly made use of; they are 
mixed with « large proportion of ground flints, aud yield an inte 
sible paste which burns nearly white. The body of the ware is 
‘not fused in the firing, but it is rendered impervious to liquids by 
means of a fusible lead glaze. 

4. Common Earthenware is mude of an inferior and more 
fusible description ‘of clay: both this kind of ware and the fore- 
going one crack easily on the sudden application of heat. 
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allowed to subside; the deposit is drained (carefully mixing it from 
time to time), and dried, until it has acquired sufficient consistence 
to allow of its being wrought by the potter. Much labour is after~ 
wards bestowed in working this clay in such a manner as to render 
it of uniform composition throughont, and to preserve it free from nir 
bubbles, It is generally considered that the mixture is greatly im= 
proved in quality by being allowed to remain some months before it 
is worked up, the mass being occasionally turned over and beaten. 

Less labour is expended upon the conrser kinds of pottery. 
After the raw clay, brought from Devonshire or Dorsetshire in 
Dlocks of about zo pounds weight, has been dried, it is ground and 
mixed with a certain proportion of ground flints; it is thea tem- 
pered with water into a stiff paste, and passed between rollers to 
complete the process of fitting it for the wheel, 

The mechanical operations are of the same nature in every 
ease; and for fashioning the clay the potter's wheel is in general 
use. This consists of a circular slab which can be made to revolve 
in a horizontal plane, cither by a treddle worked by the foot, or by a 
winch turned by a boy or girl, A manas of clay of the size ro- 
quired is dashed upon the moistened slab, and is worked by the 
hhands, the wheel revolving during the whole time, so that the 
‘operation is a compound of moulding and turning; the article as 
finally trimmed up with a wooden tool, and the work is detached 
from the wheel by passing s wire botwoon the slab and the vessel. 
‘The moulded articles aro then allowed to dry for a day or two in 
a room heated from 90° to 100° F., in order to give them firmness, 
to permit them, when necessary, to be carefully tumed on a lathe. 
After this opcration has been completed, the handles and orna- 
ments may be attached; these are made in moulds, and adhere 
readily by means of slip when pressed against the moulded masa, 
which is still moist. ‘The articles have at this stage received the form 
which they are intended to retain, and are next subjected to heat 
in the disewit furnace. It is necessary that the temperature be at 
first very gradually and carefully raised, lost the aqueous vapour, 
being extricated too surldenly, should defuce the vessel or injure its 
texture. By this first firing the different articles acquire a greater 
degree of firmness, and can be handled without danger of breaknge, 
but they arc in « very porous state, technically termed biscuit. 
‘The ware in this stage readily absorbs any solution that may be 
placed upon its surface, and this is the period chosen for printing 
the patterns or designs which the finished goods are to exhibit. 
The colouring matter generally consists of some metallic oxide 








soda fuses upon the ware, and renders it impervious to liquids, 
‘The reactions may be thus represented -— 
HO + NaCl + SiO, = HCl + NaO, sid,. 
Fe,0, + 3 NaCl + 3 SiO, = Fe,Cl, + 3(Na0, Si0,). 


It is worthy of remark that although clay contracts very evenly 
by heat, when its density is uniform throughout, yet if its density 
‘be unequal in different parts the contraction is aleo unequal ; hence 
thongh a vestel may issue smooth and well finished from the 
workman’s hands, it often assumes a striated and uneven appear- 
ance during the process of firing; and if a stamp be impressed 
‘upon clay while soft and the whole surface be shaved away until no 
farther impression is visible, the mark of the stamp, after baking, 

rs in a manner more or less distinct. 

(574) Uleramarine-—Alumina enters into the formation of the 
pigment ultramarine, so highly prized for the purity and delicacy 
of its blue colour, ‘This valuable colouring material was formerly 
obtained exclusively from the lapis lazuli by a tedious process, 
which consisted in gently calcining the stone, broken into frag. 
ments of the size of nuts; the heated fragments were then quenched 
in vinegar, by which they were rendered more friable, and were 
deprived of adhering carbonate of lime: they were next subjected 
to a patient levigation with a thin syrup of honey and dragon’s- 
blood ; were then made into a paste with a resinous cement; and 
after allowing this to remai: urbed for some days, the ultra- 
marine was extracted from it 1y suspension in hot water and 
subsidence. Ultramarine is now, however, manufactured artifi- 
cially upon a large scale. ‘The following, according to M. Debette, 
are the more important steps of the process :—Fine clay is washed, 
in order to free it from and the portions suspended in water 
are allowed to doposit. A crude sulphide of sodinm is prepared 
by heating, in a reverberatory furnace, a mixture consisting of 
3 parts of calcined sulphate of soda, 3 of lime slaked by expo- 
sure to the air, and 1 of powdered charcoal, ‘The sulphide of 
sodium thus obtained is dissolved in water, and the excess of char- 
coal is allowed to subside; the clear liquor ia decanted, (taking 
the greatest care not to carry over any particles of charcoal,) and 
{is boiled with powdered sulphur, so ax to form a pentasulphide of 
sodium. ‘The liquid is next evaporated down to a syrupy consistence 
in iron pans: so parts of this sulphide are mixed with 12 of clay 
and 0°15 of protosulphate of irom free from copper; the sulphate is 
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precipitate of hydrate of alumina, with evolution of salphuretted 
hydrogen. Ammonia produces a bulky, semi-transparent, gelatinous 
precipitate of hydrate of alumina; it is insoluble in excess of 
ammonia, or its carbonate. Polash dissolves it readily ; and pi 
reprecipitates on adding muriate of ammonia in excess. 

alan ah the tbelas pesione: sina pawl LR 
gagement of carbonic acid gas, but, according to Muspratt, it 
retains a portion of carbonic acid. Sulphate of potash and sulphuric 
acid in slight excess added to solutions of the salts of alumina, and 

|, furnish well marked octohedral crystals of alum. 

‘The quantity of alumina in the course of an analysis is always: 
estimated from the precipitate by ammonia, or its carbonate or 
hydrosulphate; when thoroughly washed (an operation which from 
its gelatinous natare is tedious), and then ignited, it consists of 
the pure earth only. 

(575) Separation of Alumina from the Alkalies and Alkaline 
Earths —Supposing magnesia to be present in the liquid, solution 
of chloride of ammonium is first added to it unless it be powerfully 
acid; on the addition of caustic ammonia in slight excess, pure 
hydrate of alumina precipitates. Hydrosulphate of ammonia 
is a still better precipitant, if the liquid have been first nearly 


neutralized by Ammonia 5 the precipitate is extremely volumi- 
nous, and requires persevering washing. On igoition it yields 
pure alumina, The alkalies and alkaline earths remain in the 
solution which has been filtered from the alumina, and their 
amount may be determined by the methods already detailed, 
(555: #f 409) 


‘§ Il. Grvermum, 
Symbol, Gl; Equivalent, 6°97 ; Specifie Gravity, arr. 


(577) Giueciwus is extracted from the emerald, or the beryl, 
which consist chiefly of silicate of alumina and glucina (G1jOy, 
3 SiO, +A1,0,, 3 SiO,). The metal is procured from its chloride 
in the same way as aluminum, 

Glucinum, according to the experiments of Debray (dan, de 
Chimie, TUL. xliv. 5), is white mallenble metal, af sp. gr. 2°1, 
fosiblo below the melting point of silver, It docs not burn in air, 
Oxygen, or the vapour of sulphur, bat it combines readily with 
ellorine and iodine, and also with silicon. ‘The vapour of water is 
not decomposed by it, cven when the metal is heated to full red. 





2ERCONTOM—RINCON TA. 


Tf o hot solution of fluoride of potassium in excess be added to a 
hot solution of a glucina salt, scales of a sparingly soluble double 
fluoride of glucinum and potassinm are formed. Glucina is always 
estimated in the form of the anhydrous earth. 


§ TIT. Zinconrvm. 
Symbol, &r; Equivalent, 33°58. 

(580) Zmconrvat is the metallic base of an earth contained in 
the zircon and the hyacinth, which are silicates of the carth, ‘The 
metal is procured by heating the fluoride of potassium and zireo- 
nium with potassium, and dissolving the residue when cold in 
dilute hydrochloric acid; the zirconium may be separated in a pul- 
yerulent form, washed with solution of chloride of ammonium, and 
then with alechol; if water be used for the washing, the zirco- 
nium passes through the filter with it in suspension. As thus ob- 
tained it is in the form of « black powder, which does not conduct 
& feeble voltaic current; under the burnisher it assumes a feeble 
metallic lustre, It has not been fused; when heated in the air 
or oxygen it takes fire below redness and burns brilliantly, form- 
ing zirconia of snowy whitencss: dilute sulphuric and hydro- 
ehloric acids do not act 1 Hydrofluoric acid dissolves it with 
extrication of hydrogen; boiling water gradually oxidizes it: 
heated with sulphur in yacao it forms a brown pulverulent 
sulphide which is not decomposed by sulphuric or hydrochloric 
acids, and is but slowly attacked by aqua regia. 

(581) Zirconia (ZryO,); Ey. g1.— Zirconium forms but one 
oxide, which is commonly regarded as the sesquioxide. It is 
obtained by fasing very finely powdered sircon with hydrate of 
potash or soda, and saturating with hydrochloric acid. The excess 
of acid and moisture is expelled by evaporating nearly to dryneas ; 
on the addition of water chloride of zirconium dissolves, leaving 
the silica; the solution is decomposed by excess of ammonia, 
Hydrate of zirconia precipitates, and is washed and ignited. Upon 
applying heat, it glows brightly just before ignition, and becomes 
much denser, Zirconia forms a white infusible powder, of sp. gr. 
4°3, which, after ignition, is insoluble in acids, with the exception of 
strong sulphuric acid. ‘The hydrate is a gelatinous bulky white 
precipitate, very sparingly soluble in carbonate of ammonia. It is 
insoluble in the caustic alkalies. If the salts of zirconia be pre- 
cipitated by an alkaline carbonate, the precipitate redisolves if 





CERIUM, LANTANIUM, AND DIDYMIUM. 3 


tontalite combined with columbium, and in one or two other very 
rare minerals. Tt is considered to be a protoxide, and forms a 
white earthy powder of sp. gr. 4°842; it is insoluble in the caustic 
alkalies, but the alkaline carbonates, especially that of ammonia, 
dissolve it. 

Tts salts have a sweetish astringent taste, and yield a white 
precipitate with ferrocyanide of potassium. Its most characteristic 
salt is the sulphate, which forms pink crystals, which lose water at 
tog, and become milk white, without change of form; on being 
put into water they do not resume their transparency, 

Mosander states that three bases have been confounded under 
the name of yttrin; to the more abundant of these he gives 
the name of yttria; the other two he distinguishes as erbia and 
terbia, ‘The oxide of erbium has a yellowish tint, but its salts arc 
colourless ; the salts of terbium have a pale rose colour, 


§ V. Cenrem, Layranium, axp Dipymius. 


(584) Closely allied to the metals of the earths of which a 
brief mention has just been made, are three other metals, the 
oxides of which, being more or less coloured, have not generally 


been considered as belonging to the earths proper. They need no 
lengthened description, as they have hitherto been found only in a 
fow rare minerals, of which cerite, a hydrated subsilicate of cerium, 
is the most common. ‘Till recently they were all confounded 
together under the name cerium, 

Centum appears to form two oxides—a protoxide, and a sesqui- 
oxide, both of which yicld salts with acids. The best known of 
these is the double sulphate of protoxide of ccrium and potash, 
which is insoluble in sulphate of potash. The sesquioxide has a 
yellowish tinge, and ite sults are yellow or red. 

Lantaniem forms only one oxide, which is buff-coloured, and 
freely soluble in dilute nitric acid. It forms colourless astringent 
salts, which give a white precipitate with the soluble oxalates, 

Divyattum also furnishes but a single oxide, which is of » dark 
brown colour, when anhydrous; in the hydrated state it absorbs 
carbonic acid from the air, Its salts are pink or violet-coloured, 
and are not precipitated in the cold by sulphide of ammonium, 





EXTRACTION OF ZINC PROM ITS ORES, 


this furnace six large crucibles, (three of which are represented in 
the section at AA 4, fig. 302,) each 4 feet high and 2} fect in 
diameter, are arranged, three on each side of the firebars; one of 
these crucibles is shown in section in the figure. In the bottom 
of cach crucible is an opening, to which a short iron pipe is 
attached, which passes out through the bottom of the furnace; to 
this iron tube a second wider tube, 4, about cight fect long, is 
fastened in such x manner as to be readily removable; beneath 
the open end of this tube a sheet-iron vessel, ¢, is placed to receive 
the zinc. The bottom 

of the crucible is then Fre. 302. 

loosely plugged with 

large pieces of cake, 

and a charge contain- 

ing from four to five 

hundred weight of the 

mixture of caleined ore 

aud coal is introduced 

into each pot and the 

cover is carefully luted 

on. Carbonic oxide 

is first evolved abun. 

dantly, and burns with 

a bloc flame at the 

mouth of the short 

iron tube; in a few 

hours the colour of 

the flame changes to 

white, and it begins to 

deposit white fumes 

of oxide of xine, The 

flame is then extin- 

guished by attaching 

the longer tube, and 

the metal, which is condensed partly in powder, partly in stalactitic 
masses, falls down into the iron vessels, c ¢, placed for its reception. 
The zine, being volatile at very high temperatures, boils and distils 
‘as the operation procecds. In order to prevent the pipe, 4, from 
becoming choked, it is occasionally removed, and the sine detached 
from it. The crude metal is mingled with a good deal of oxide ; 
it is therefore re-melted, skimmed, and east into ingots; or (if 
intended far rolling) into sheets, and then laminated at a tempera. 
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tort an open, somewhat conical, enst-iron pipe, ¢, is Iuted ; this serves: 
‘as a recciver for the distilled metal, and upon euch of these receivers 
is fitted a second receiver of sheet-iron, », with an opening at the 
extremity for the excape of gas. ‘The fire by which the retorts are 
heated is shown at a. In such a furnace two charges may be worked 
off in twenty-four hours. During the operation the small 5 
», », are withdrawn once in two hours, and the liquid zine which has 
condensed in the receivers is raked out into a large ladle and cast 
into ingots. When the distillation is complete, the residues in 
the retorts still retain nearly 25 per cent. of zine, which is chiefly 
in the form of silicate of the oxide’; this portion is enti 

(Piot and Maurailhe, dan, des Mines, TV. v., 165.) 

‘The retorts in the upper part of such a furnace necessarily 
receive less heat than those in the lower part, and hence this pro- 
cess is particularly well adapted to the Belgian ores, because the 
poorer ones, which require less heat, can be employed in charging 
the upper retorts. 

(589) Commercial zine contains a small quantity of lead,iron, and 
of a peculiar carbonaceous matter. The best method of obtaining 
the metal in a state of purity consists in transmitting sulphuretted: 
hydrogen through a slightly acidulated solution of sulphate of zinc, 


carbonate of soda. The carbonate, when ignited, is converted into 
oxide of zine, which must be distilled in a porcelain retort with 


and 300°, it is possessed of considerable ductility and malleability, 


little higher than thie it again becomes so brittle that it may bo 
pulverized in a mortar. It fuses at 775°, and ata bright red heat 
it may be volatilized if its vapour be exposed to the air, it burns 











SULPHIDE AND CHLORIDE OF ZIXC. BID 


in suspension. The process of manufacturing this oxide when it 
is required as a pigment, consists in distilling sine from clay retorts 
into chambers through which a current of air is maintained. The 
volatilized metal burns at the high temperature to which it is ex- 
posed under these circumstances, and the oxide is deposited in a 
series of condensing chambers. An impure oxide, sold under the 
name of futty, is obtained from the flues of furnaces in which brass 
‘iz melted, 

Oxide of zinc becomes yellow when heated, bat recovers its 
whiteness as the temperature falls, The hydrated oxide is preci. 
pitated from the solutions of the salts of zinc by the addition of 
potash or soda; it is redissolved by an excess of the alkaline lignid. 

me Sulphide of Zine; Blende (Ua) ; Eq. 48:5; bie 

“This compound is one of the most abundant minerals of zine: 
Sebago itbie’et'a pale, krown colo, bot yocelly Ht Se Mise 
black from admixture with sulphide of iron. Lt usually erystal- 
lizes in rhombic dodecahedra, but it occurs in other forms of the 
regular system. Metallic sinc does not readily unite with sulphur: 
bat if rapidly heated in mixture with cinnabar, (or sulphide of 
mereury,) the mercury is volatilized and sulphide of zine is formed 
with almost explosive violence, Sulphide of sine docs not fuse 
when heated ; when roasted in the air it absorbs oxygen; at a 
low temperature a large portion of it is converted into sulphate of 
zine, but at a higher temperature sulphurous acid is formed, and 
oxide of zine is left, Nitric acid and aqua regia dissolve it readily. 
When the salts of zine are mixed with hydrosulphate of ammonia, 
a whito, gelatinous, hydrated sulphide of zine ix precipitated, 
which absorbs oxygen qnickly from air, and is readily dissolved by 
acids. 

(594) Chloride of Zine (ZnCl) ; Eq. 68.—This salt is obtained 
by dissolving the metal in hydrochloric acid ; the acid is decom- 
posed, its chlorine unites with the zine, whilst its hydrogen escapes 
‘in the gaseous form: the chloride of zine dissolves. When this 
solution is heated it loses water till the temperature rises to 480°; 
it then becomes anhydrous, but remains fluid, and may be heated 
above 700° F, without emitting an inconvenient amount of fumer ; 
hence it ix frequently employed as a hot-bath for maintaining 
objects at a high but measurable and regulated temperature. At 
a red heat it distils. Pare chloride of zinc is a white, very deli- 
queacent substance, fusible at about 212°; it is powerfully corrosive 
when applied to the skin, It ix soluble in alcohol. 

Chloride of zine ahsorbs ammoniacal gas freely. Several oxy- 
chlorides of zine may be formed. Chloride of sine forms double 























PREPARATION OF COBALT, 


§ TIL Conarz. 


Symbol, Co; Equivalent, 29°49; Specific Gravity, 8-95. 

(603) Conary generally occurs, in combination with arsenic, ax 
speiss cobalt or tin white cobalt (CoAs), but occasionally it is 
found as cobalt glance, which is a compound of the arsenide and the 
sulphide of the metal (CoS,, CoAs). Cobalt is never met with in 
the native state, except ax an ingredient in meteoric iron in small 
proportion. ‘The black oxide has been found to some extent in 
the Wostern States of America, mixed with the sulphide of cobalt 
and with variable proportions of the oxides of nickel, mangancse, 
iron, and copper, The ores of this metal occur chiefly in the 
primitive rocks, and are usually very complicated; containing 
nickel, iron, and often bismuth and copper, mineralized either by 
sulphur or by arsenic, or by both together, 

Cobalt is not used in the metallic state in the arts. Many 
of the compounds of cobalt are remarkable for the beauty and 
brilliancy of their colour. 

Tt ia nat easy to obtain the metal in a stato of parity. 


‘at a low but gradually rising temperature, it 

greater portion of the arsenic; after which it is dissolved in aqua 
regia, and evaporated to dryness to expel the excess of acid ; it is 
then redissolved in water, and a current of dulphuretted hydrogen 
ig transmitted through the solution. Bismuth, copper, and the 
remainder of the arsenic are thus precipitated as sulphides. The 
filtered liquid is boiled to expel the excess of the gas, and a slight 
‘excess of uitric acid is added to the boiling liquid, to peroxidize the 
iron; when cold, it is diluted and supersaturated with ammonia; 
the peroxide of iron is precipitated, carrying with it a little cobalt, 
but the bulk of the cobalt remains dissolved with any nickel which 
the ore may have contained. 

‘The exact separation of cobalt from nickel is tedious, Two 
methods have becn proposed, onc by Rose, the other by Lichig 
(617). Rose’s method is the following:—The two metals are 
thrown down from the ammoniacal liquid as sulphides, by the addi- 
tion of hydrosulphate of ammonia, The sulphides are redissolved 
in nitric acid, the solution is then largely diluted, and acted upon 
by a current of chlorine; after this it is digested in a closed vessel 
for 12 hours upon powdered carbonate of baryta. The chlorine 
converts the cobalt into sesquioxide, which is gradually precipi- 
tated by the baryta, and remains mixed with the excess of car. 








Protoxide (CoO), raphy eerpensigead comatele He 
when heated in the air it absorbs oxygen, and becomes black, 

Reet cs akg cal foes chatinn shea eee 
are of a beautiful blue colour, but they become pink on dilution. 
‘The oxide forms an important article of commerce, from its employ- 
ment for the production of a blue colour in painting on porcelain. 
When describing the preparation of nickel, a process will be de- 
tailed which furnishes the oxide of cobalt fit for this purpose. 

The zaffre of commerce is a very impure oxide of cobalt, 
procured by imperfectly roasting cobalt ore, mingled with 2 or 3 
‘parts of siliceous sand. 

Smatt is » heautifal blue glass coloured by oxide of cobalt ; 
itis chiefly manufactured in Saxony, In preparing smalt, the cobalt 
ore is first ronsted ; but the xonsting is arreated at a particular stage, 
the object being to oxidize the cobalt, whilst the nickel, copper, 
and iron remain in combination with arsenic and sulphur; it is 
necessary to leave a sufficient amount of arsenic in the mnss, to 
retain these metals, as the admixture of a very small quantity of 
the oxides either of iron, nickel, or copper with the glass seriously 
injures the purity of its colour. From 4 to 5 parts of the roasted 
ore in powder are next mingled with 10 parts of ground calcined 
quarts, and 4 parts of carbonate of potash, and the mixture ix 
slowly melted in pots arranged in a furnace resembling that used 
in making ordinary glass. ‘The oxide of cobalt combines with the 
fased silicate of potash ; a deep blue glass is thus formed, whilst the 
mixed arsenides and sulpbides of nickel, copper, and iron fuse and 
collect at the bottom of the pot, in the form of « brittle mass, of 
metallic appearance, commonly known as speiss. The pot is then 
skimmed, and the glass is ladled ont, and poured into cold water, 
by which means it is split into innumerable fragments : the speiss 
is cast into ingots and used in the manufactore of nickel, The 
broken glass is stamped to powder, and subsequently ground betwoen 
granite stones, which are caused to revolve under water in a vessel, 
through which a gentle stream of water is continually Howing, ‘The 
water as it flows off carries with it the powdered smalt in suspen- 
sion: it is made to pass through a number of depositing vessels, 
0 arranged that the overflow from the first shall pass into the 
second, that from the second into the third, and so on : each of these 
vessels is successively larger than the one which precedes it, 80 
that the period for which the washings are retained in each goes 
on progressively increasing, and the particles deposited progressively 
increase in the minuteness of their subdivision ; the colour becom- 
_ ing less intense, the greater the degree of subdivision of its particles, 
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and the compound is thereby contaminated with a variable quantity 
of the protoxide of cobalt. 


(605) Ammoniacal Compounds of Cobalt—When a solution of 
a saltof cobalt in ammonia is exposed to the air, it absorbs oxygen 
rapidly; although the hydrated protoxide of cobalt alone exhibits no 
such tendency. If the hydrated oxide be dissolved in an ammo- 
‘nincal solution of chloride of ammonium, the absorption of oxygen 
proceeds quickly, and a remarkable violet-red colour gradually 
develops itself in the liquid, If at this stage the liqaid le supers 
saturated with hydrochloric acid and boiled, a heavy crimson 
powder precipitates, leaving the solution colourless ; this precipitate 
‘may be dissolved in water slightly acidulated with hydrochloric 
acid, and as the liquid cools, beantiful ruby-red octohedral crystals 
are formed. Se ag eae sore 
357), they contain the elements of 3 H,NCI,2CoH,N. This 
remarkable compound is quite insoluble im boiling hydrochlorie 


pure cobalt: at a red heat it loses ammonia and hydrochlorate 
‘of ammonia, leaving chloride of cobalt ;— 

3(H, NCI), 2(CoH, N) =H, NCl+2 H,N +2 CoCl, 
and the chloride of cobalt may be reduced to the metallic state by 
passing a current of hydrogen gas over it in a tube heated to 
redness. When digested with water upon oxide of silver, the 
chlorine is withdrawn from the new compound, whilst the oxygen 
of the oxide takes its place j*— 
3(H, NCI), a(CoH, N) +3 AgO=3(H, NO), 2(CoH, N) +3 AgCl; 
a red strongly alkaline liquid is thos produced, which unites with 
acids, and forms a peculiar class of salts; this alkaline solution 
emits no smell of ammonia. 

Fremy, in an elaborate series of researches on the ammoniaeal 
compounds of cobalt, has shown (Ann. de Chimie, T11. xxxv. 257) 
that, independent of the ammoniacal compounds obtained with 
‘the ordinary salts of the metal, and of the compounds described by 
Clandet, three other sete of salts may be procured, which he 
regards 2s compounds of different oxides of cobalt with various 
proportions of ammonia: the first of these bases he names oxyco= 
baltia, Its salts crystallize readily, and dissolve im solution of 

Sapa enna der, Chie, LLL tat, 456), who hare 
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solution of acetate of cobalt by sulphuretted itiigas 
mixing any neutral olution of a salt of cobalt with hydrosulphate 
‘of ammonia, In this form it speedily absorbs oxygen from the 
air, and becomes converted into sulphate of cobalt. Tf a mixture 
af oxide of cobalt be fused with persulphide of potassium (the liver 
of sulphur) in a covered crucible, » fused sulphide of cobalt is 
obtained at the bottom of the crucible. 

(607) Chloride of Cobalt, (CoCl, Eq. 65, Sp. Gr. 2°937), is 
obtained as « lilac-coloured anhydrous muss by pussing chlorine 
over metallic cobalt; it is volatile ata high temperature. By dissaly- 
Spg-tho oxide of coholt in. hydrochloric acid, the bydrered eltotide 
may be obtained in ruby-red octohedral crystals, which are rendily 
soluble in water and aleohol; its aqueous solution when con- 
centrated is of adeep blue colour, but on dilution it becomes pink. 
‘This dilute solution may be used as a sympathetic ink; characters 
traced with it on paper, though invisible when cold, become blue 
by heat, and again fade as the hygroscopic moisture of the paper 
is restored from the air: the colours of this ink may be varied at 
pleasure ; the addition of a small proportion of a salt of peroxide 
of iron renders it green; zinc produces a red, and copper a 

tint. 

The Sulphate of Cobalt (CoO, SO,+7 aq, Ey. 77'5 + 63, 
Sp.Gr. anhydrous 3° 531), is isomorphous with sulphate of magnesia. 

Nitrate of Cobalt (CoO, NO,+6 aq, Ey. 91°5 +154), is pree 
pared by dissolving the oxide in nitric acid, It is a deliquescent 
salt which is sometimes employed as a reagent for the blowpipe ; 
a fragment of the compound under examination is supported either 
‘upon charcoal, or upon a bent platinum wire, and moistened with 
a minute quantity of a strong solution of the nitrate of cobalt. 
When treated in this way, many of the compounds of magnesia 
yield a pale pink-coloured mass after ignition; those of oxide of 
aine give a green residue, and those of alamina a blue, 

Tf a concentrated solution of nitrite of potash be gradually 
added to a solution of nitrate of cobalt acidulated with nitrie acid, 
a beautiful orange yellow compound is precipitated : it is sparingly 
soluble, and, according to St. Eyre, by whom it was discovered, 
consists of 2(KO, NO;-+CoO NO,) +29. 

A hydrated arseniate of cobalt, (3 CoO, As,0,+8 nq) is found 
native, and is known as cobalt bloom, 

» (608) Cerbonates of Cobalt—Cobult resembles magnesia, zinc, 
Oia nicks, in the cireumstance that when solutions of its neutral 
be arapnmpebeat peadbab sgh so the 

¢ which falls is not a neutral carbonate, but a mixture of 
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ESTIMATION OF COBALT IN THE METALLIC FoRM. 861 


next to be warmed, the precipitate allowed to settle in a beaker 
closed by a glass plate, then collected on a filter, and washed with 
water containing a little sulphuretted hydrogen. The alkalies are 
prevented from effecting the complete precipitation of cobalt, as 
well as of iron, of nickel, of copper, and of many other metals, 
by the presence of certain kinds of organic matter, such as that 
derived from the paper of the filter; special precautions are there- 
fore required to avoid this accident. For this purpose the neck 
of the funnel with the filter and its contents is introduced into a 
‘small flask, a hole is made with a glass rod in the bottom of the 
filter, and the precipitate is washed into the flask 5 the filter after 
being moistened with concentrated nitric acid, is again washed ; it 
is then dried, burnt, and the ash added to tho/ contents oft the 
flask, which are now boiled with nitrie acid until the sulphide of 
cobalt is dissolved. The liquid thus obtained is diluted and poured 
off from any particles of undissolved sulphur. ‘The cobalt thus 
brought into solution by the nitric acid is precipitated in the form 
‘of hydrated oxide by an excess of potash; the oxide is thoronghly 
washed with boiling water, dried, ignited, and weighed, The 
amount of cobalt cannot be safely inferred from the weight of this 
oxide, as it consists 
of mixture of Fro, 304 
protoxide and ses. 
quioxide of cobalt 
in variable propor- 
tions. ‘The oxide is 
therefore reduced in 
acurrent of dry and 
pure hydrogen in 
the manner shown 
in fig.304. Thetube, 
e, is weighed when 
empty; then a certain proportion of the oxide of cobalt is intro- 
duced in the bulb, and the tube is again weighed; hydrogen is 
generated in the bottle, @, and allowed to traverse the apparatus ; 
6 contains a solution of potash, and ¢ one of nitrate of silver, 
which are designed to arrest any traces of arseniuretted hydrogen ; oil 
of vitriol is placed in d for the purpose of drying the gas; adull red 
heat is next applied to the bulb, ¢, and as soon as water ccascs to 
, the reduction is complete: the lamp is then removed from 
1 but the curreut of hydrogen is maintained till the tube 
cold. The tube and its contents are then weighed a thind 
Sn 











EXTRACTION AND PURIVICATION OF NICKEL. 803 


extmeted either from this ore or from speiss, which is an impure 
arseniosulphide of nickel, formed during the manufacture of smalt. 

As the metal itself is now extensively used in alloys, of which 
‘German silver is one of the most important, great pains have beew 
taken to procure it in a state of comparative purity, and several 
processes have been proposed, According to Louyet, the process 
by which nickel is extracted from speiss at Birmingham on the 
large scale is as follows :-—The speiss is first fused with chalk and 
fluorspar, the metallic mags obtained is reduced to powder, and 
roasted for twelve hours to expel the arsenic; the residue is then 
dissolved in hydrochloric acid ; the solution is diluted, and the iron 
peroxidized by the cautious addition of bleaching powder. Milk of 
lime is then carefully added so long as peroxide of iron falls, ! 
which carries down with it the last portions of arsenic; this ] 
precipitate is well washed, and the liquid which contains all the | 
cobalt and nickel is treated with a current of sulphuretted hydro- 
gen; the sulphides of copper, bismuth, and lead, are thus precipi+ 
tated, and are thoroughly washed, All the nickel and cobalt still 
remain in the liquid; this liquid is again treated with chloride 
of lime: the whole of the cobalt is thus thrown down as peroxide ; 
after which the whole of the nickel is separated from the solution 
in the form of hydrated oxide by adding milk of lime as long as 
any precipitate is produced. 

Nickel may be obtained pure upon a sniall seale, by dissolving 
the roasted ore in aqua regia, evaporating to expel the exccss 
of acid, redissolving in water, and transmitting a current of sul- 
phuretted hydrogen. ‘The filtered liquid is boiled with nitric acid, 
to peroxidize the iron; the solution is precipitated by an excess of 
caustic ammonia, filtered from the oxide of iron, and to the blue 
liquid caustic potash is added until the blue tint nearly disappears 5 
a pale green precipitate, consisting of hydrated oxide of nickel and 
potash is thus obtained, which must be well washed with hot water 
to remove the potash, and then reduced by ignition in a current 
of hydrogen gas. If heated for an hour by means of a blacksmith’s 
forge, in a crucible lined with charcoal, a well-fused button of 
carbide of nickel is produced. A button of the pure metal may 
however be procured by heating the oxalate of nickel intensely in 
a crucible with a lated cover, without any other reducing agent 
than the carbonic oxide furnished by its own 

Pare nickel is a brilliant, silver white, ductile metal, little more 
fosible than iron. The cede gears is aieaieret ae 
magnetism, but it loses this property almost entirely if heated to a 


a 4 


CHARACTERS OF THE SALTS OF NICKEL. 865 


‘by fusion, and can be obtained as a black hydrate when a salt of 
nickel is precipitated by sulphide of ammonium. It may also be 
procured by fusing an alkaline persulphide with arsenide of nickel, 
and is left im yellow erystalline scales. A disulphide (Ni,S) hax 
been formed by reduction of the sulphate of nickel by means either 
‘of charcoal or of hydrogen gas, 

Chloride of Nickel (NiCl, Eq. 65), is formed by dissolving the 
oxide in hydrochloric acid. Its solution, om evaporation, yields 
green hydrated crystals; by heat it may be obtained as a yellowish 
brown anhydrous mass, which ata high temperature is volatile, 
and condenses in yellow crystalline scales, which dissolve slowly in 
water. 

Sulphate of Motel (50, 90,7 5), Be 279-68: Oe 
eryst. 2°037.—This salt crystallizes in green rhombic prisms, which, 
when exposed to light, are converted without loss of water into 
small regular octohedra, aggregated together in the form of the 
original erystal, which becomes opaque. It may be obtained in 
octohedra at once by erystallizing at a temperature between 60° 
and 80°F, A double sulphate of potash and nickel (NiO, SO, 
KO, 80, +6 29, Sp. Gr. ceryst. 2'190, dry 2°897), may be formed 
by adding potash to the impure solution of speiss, and by repeated 
crystallizations may be freed from all impurities except traces of 
iron and cobalt: it was at one time used as a meana of purifying 
nickel for commercial purposes. Other double sulphates of nickel 
may be formed. 

Carbonates of Nickel—There are several basic carbonates: of 
nickel, of a green colour. The neutral carbonate precipitates asa 
crystalline powder, when a solution of nitrate of nickel is poured 
into a large exeess of bicarbonate of soda, 


(6t5) Cuanacrers ov tHe Sarre ov Nickes.—The salts of 
this metal are of a delicate green colour, both when in the solid 
state and whea in solution, They have a sweetish astringent 
metallic taste, and when taken internally excite vomiting. 

Before the blowpipe salts of nickel give in the oxidating flame 
with borax, a reddish yellow glass, which becomes much paler ax 
itcools. In the reducing flame greyish particles of reduced nickel 
are disseminated through the bead, 

In solution sulphuretted Aydrogen gives no precipitate if the 
liquid be acidulated with sulphuric acid, Mydrosuiphate of Am- 
monic gives a black sulphide. Ammonia gives a pale green pre~ 
cipitate, soluble in excess of ammonia, forming a bright blue 
solution. Polashk and Soda throw down a pale green bulky 

















EXTRACTION OF URANIUM FROM PITCHBLENDE. 867 


of cobalt is left, which may be redueed to the metallic state in a 
current of hydrogen. 
§ V. Urano. 
Symbol, U; Equivalent, 60. 

(618) Unanrem is a metal the compounds of which are but 
sparingly distributed over the surface of the earth, Tt was originally 
discovered by Klaproth, in pitchblende, which contains nearly 80 
per cent. of the black oxide of uranium (2 UO, U,O,); the remainder 
of the mass consists of variable quantities of copper, lead, iron, 
arsenic, and frequeatly of cobalt and nickel, Uranite, which is a 
mineral of micaceous structure, of rarer occurrence, consists of a 
hydrated double phosphate of lime and uranium : (CaO, 2U,0.PO,, 
Bag). Chalcolite is o similar mineral, in which oxide of copper 
takes the place of lime, 

Tn order to extract uranium from pitchblende, the mineral is 
heated to redness and thrown whilst red-hot into water, after 
which it admits of being readily pulverized: Ebelmen advises that 
the ore should then be treated in the following manner :—The fine 
powder is to be washed with dilute hydrochloric acid, heated with 
charcoal, and digested in strong hydrochloric acid, by which the 
earthy matters and most of the iron, arsenic, and sulphur are re~ 
moved; the washed residue is to be roasted and then treated with 
nitric acid ; the solution is evaporated nearly to dryness and diluted : 
arsenite of iron is thus precipitated, Sulphuretted hydrogen is then 
to be transmitted through the filtered solution; the liquid is next 
‘to be filterod from the sulphides of copper, lead, and arsenic thus 
formed ; it is again evaporated, until crystala of pernitrate of ura 
nium begin to form. This salt is to be decomposed by heating it to 
redaess, and the oxide of uranium which is left is to be mingled with 
charcoal aud heated in a glass tube through which a current of dry 
chlorine is passing ; carbonic acid and carbonic oxide are formed, and 
‘a volatile green protoobloride of uranium sublimes. This chloride 
when heated with potassium in a platinum crucible yields chloride 
of potassium and metallic uranium : intense heat is evolved during 
the reaction of the potassium on the chloride of uranium, and the 
resulting metal is partially fused. ‘The isolation of metallic uranium 
is duo to M., Peligot (Ana, de Chimie, TIL. v,, 5), the substance 
originally supposed to be the metal having been proved by him to 
be its protoxide. 

Uranium as thus obtained is of white colour: it appears to 
be slightly malleable: it is not oxidized by exposure to air or to 
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be transmitted over the protochloride of uranium while it is bei 
heated to redness in a glass tube, a eubelloride (UCI) is 

which erystallizes in slender dark-brown needles, which are but 
slightly volatile; they are yery soluble in water, and form a deep 
purple solution. Ammonia throws down a brown suboxide, which 
rapidly absorbs oxygen from the air. An ozychloride (U,C10,), or 
{2 U,0,+U,Cl,), is formed by passing chlorine over the protoxide 
of the metal; it is deliquescent, and forms a yellow solution with 
water; with the alkaline chlorides it forms remarkable double aalts ; 
the double salt with chloride of potassium consists of (KCI, U,C1O, + 
aq) and crystallizes in rhombic tables of a greenish-yellow colour. 


(621) Cuanacrnns ov tae Comrouxps or Urnasiust.—1i. The 
sults of the protoxide of uranium have a green colour, and have a 
strong tendency to form double salts with salts of the alkaline metals 
which contain the same acid as themselves, Amunania and the alka- 
dies give a gelatinous, blackish-brown precipitate of hydrated oxide, 
which absorbs oxygen and becomes yellow from the formation of 
sesquioxide of uranium, which unites with the excess of alkali, Su/- 
plaretted hydrogen produces no precipitate ; but hydrosulphate of 
ammonia occasions a black dey of sulphide of wraniam. Oxalate 
of ammonia gives a greenish-white precipitate of oxalate of uranium. 
Solutions of the green salts of uranium rapidly absorb oxygen, and 
ard converted by nitric acid into persalls, ereu without the aid of heat, 

2. The salts of the peroxide sre yeilow, and all of them contain, 
even when crystallized from strongly acid solutions, 1 equiva- 
ent only of sesquioside to 1 equivalent of the acid. ‘The per- 
nitrate, for instance, which crystallizes in long striated prisms, 
consists of (UyO,, NO;, 6 aq). Numerous double salts of this 
oxide have also been formed: the permlphate of uranium mud 
potash cousists of (KO, SO,4-U,0,, SO,+2 aq). The persalts of 
iranian give with ammonia a yellow precipitate, consisting of 
nranate of ammonia; with ferrocyunide of potassium they yield 
a hair-brown precipitate, By the action of ammonia they are distin- 
guished at once from the compounds of copper, which give a blue 
solution on the addition of an excess of ammonia, though they yield a 
precipitate with the ferrocyanide similar in colour to that furnished 
by the salts of uranium, Sulphuretled hydrogen produces uo preci« 
pitate, but hydrosulphate of anauania gives a yellowish-brown sul~ 
phide. Carbonates of the alkalies give a yellow, granular precipitate, 
soluble in excess of the precipitant; these precipitates are double 
carbonates of uranium and of the alkali employed. With infueion 
of nut galls a dark-brown precipitate is produced. 











‘this is found in enormous masses, or even mountains, amongst the 

primary formations. Much of the best Swedish iron is obtained 
ies this material, which is also abundant in North America. 
Occamonally it is found in detached octohedral 

2. Specular Iron Ore, or Fer Oligiste, Sp. Gr. 5°2.—This is an 
anhydrous sesquioxide of iron (FeO,): it occurs in the primary 
rocks, ‘The principal part of the celebrated Elba iron, and alxo a 
Targe quantity of Russian and of Swedish iron, are obtained from 
this source, 

3- Red Hematite (Fe,Os, Sp. Gr. about 5'0), is another form 
of the anhydrous peroxide : it is sometimes found massive, but more 
generally in fibrous crystalline nodules, ‘This ore is largely raised 
in Lancashire and in some parts of Cornwall. 

4. Brown Hematite (2 FeOy 3 HO), Sp. Gr. about 3°9— 
This is a hydrated peroxide of iron, which generally occura massive. 
It is, however, aleo met with in the oolitic strata in some parts of 
France, in the form of rounded masses termed pea tron ore, mixed 
with a small proportion of clay. Much of the French iron is 
obtained from this source. Brown haematite is readily soluble in 
hydrochloric acid; it is less refractory in the furnace than the pre= 
ceding variety, which is seldom worked alone, but generally in 
mixture with other ores. The brown hematite, when roasted 
Becomes porous from the loss of its water, and is thus rendered 
more matingeable. Mixed with variable proportions of earth ot 
clay this oxide of iron forms the varictics of umber and ochres 
It occurs principally in the secondary and tertiary deposits. 

5. Spathic Iron, or Carbonate of Iron (FeO, CO,), Sp. Gr. 3'8.— 
‘This is found in erystalline masses often combined with carbonate of 
magnesia and with a considerable proportion of manganese, as in the 
Saxony ores. Much of the so-called natural steel is made from 
this ore. 

6. Clay Ironstone is the chief source of the enormous quantity 
of iron manufactured in Great Britain. It is an impure carbonate 
of iron, containing generally from 30 to 33 per cent. of metallic 
iron, mingled with varying proportions of clay, oxide of manganese, 
lime, and magnesia. This argillaccous ironstone occurs in bands 
broken up into nodules, or in continuous seams, from two to four- 
teen inches thick, alternating with beds of coal, clay, shale, or 
limestone, in the coal measures diffused over lange areas in South 
Staffordshire, South Wales, and some other parts of Great Britain, 
It is also found in the United States, and in Bohemia and other 
countrics of central Europe. It has a spccific gravity ranging 
between 2°7 and 3"4. 








BLAST FURNACE. 


A steady and most intense heat is thus uniformly maintained. 
At the lowest point of the furnace is the fap-hole, for drawing off 
the melted aes at suitable intervals, and which, except at such 
times, is closed with sand and clay: K x, are galleries, which allow 
the workmen free access to the tuyéres and lower portion of the 
furnace, the base of which is kept dry and well drained by the arched 
channels, a. Above the 
crucible the furnnee sud- Fro. 295- 
denly widens, forming the 
boxhes, 0; the lining, ©, 
is formed of fire-bricks, 
whieh are continued up 
to the throat, a, of the 
farnace: the whole is 
eased in solid masonry, 
® 8, and supported by 
fron bands. When work- 
ing regularly, such a fur- 
nace is charged through 
the opening, B, near the 
top, at intervals, first with 
coul, and then with a suit~ 
able mixture of roasted 
ore and of a limestone 
flux broken into small 
fragments. As the fnel 
burns away,and the mate. 
rinls gradually sink down, 
fresh layers of fuel, and 
of ore, are added; 80 
that the furnace becomes 
filled with alternate layers of fuel and of ore, 
‘The principal substances which are acted upon in such a farnace 
are the following :— 
1st, The oxygen contained in the air of the blast; and, the 
roasted ore,—consisting of oxide of iron, silica in the shape of 
sand or quart, clay or silicate of alumina, and a little magnesia 
and oxide of manganese; 3rd, coal or coke,—composed chiefly of 
carbou, with a small proportion of hydrogen; and 4th, carbonate 
of lime, which in the heat of the furnace oon becomes quick lime. 
(625) The chemical changes may be traced as follows, beginning 
at the bottom of the furnace :—The oxygen contained in the air 
of the blast, as soou as it comes into contact with the fuel in the 





THEORY OF THE BLAST FURNACE. 


oxide becomes mingled with carburetted and free 
gen, which are derived from the fuel contained in the 1; 
of the charge, as it gradually descends towards the 
intense heat below, A proportion of the gases which escape 
the opening at the top of the furnace, varying from 35 to 4o 
cent., is combustible ; the remainder consists principally of ni 
with a small amount of carbonic acid. The ore having 
rendered porous by the previous roasting, is easily penetrated 
these ascending gases, by contact with Permit ce 
reduced in the upper part of the boshes, where +] 

paratively moderate. By degrees the reduced metal, 

the earthy matter of the ore, sinks sop iarike hates ee 
Here the earthy matters melt and become vitrified; whilst the 
iron, in » minutely divided state, being brought into contact with: 
the carbon of the facl, combines with it and forms the fusible 


4 
i 3 


gs 


sinks down below the tuydrcs through the lighter vitrified 
‘slags, and is protected by them from the further action of oxygen. 
‘The bulk of the slag is five or six times as great as that of the 
iron produced : it floats above the melted metal, and is allowed to 
flow over continually at the opening left for the purpose; whilst the 
iron is run off at intervals of 12 or 24 hours, by withdrawing the 


consisting principally of silicates of lime, magnesia, and alumina, 
with generally a small proportion of silicate of mangancse, In 
the formation of these elags the siliccous matters of the ore act 
like a true acid, as they combine with the earthy bases, lime, 
magnesia, and alumina, aud really neutralize them. 

‘The general composition of these slags may be seen from the 
subjoined analysis, by Berthicr, of a slag from Merthyr Tydvil — 


BEA in) a sh as eh ok let in 
EEG a ey 0 os sd acne 
Magnesin . . 

Alumina. . 

Oxide of Iron « 

Sulphur . . 


The composition is slag 
by gue emeanland [a Ose e Ors BIOs ate Si0,). 
‘The iron as it runs from the furnace, however, is not a pure 





THY HOT BLAST. 8r7 


late years by the introduction of air which has been previously 
heated. In this contrivance, which is known as the hot blast, the 
air, before it reaches the furnace, is made to pass through a series 

pipes which are maintained at a high temperature, either by 


veyed through flues which pass from the upper part of the furnace 
into the chamber which contains the pipes ; the neceseary 

being maintained by a chimney furnished with a damper. Tig. 
306 shows the plan adopted by Mr. Budd of the Ystalyfera Works, 


Fro. 306, 


South Wales, for applying the waste gases of the furnace to the 
heating of the blast. In No.1, a represents a section of the blast 
furnace, 4 one of the tubes which carries off the heated gases into a 
brickwork chamber m, f, shown in cross section in No, 1, and in 
longitudinal section in No. 2 ; @d are pipes through which the blast 
is forced, in order that it may be heated; it enters the heating 
apparatus through 4 #, passes through the pipes g and h into dd, 
and makes its escape in a heated condition through the pipes & k 
to the tuytres 4, 1, fig. 305. ‘The gasea from thefurnace take the 
on 








COMPOSITION AND PROPERTIES OF CAST-IRON. 879 


promises considerably to ameliorate the quality of pig-iron, by 
diminishing the quantity of sulpbur which it is liable to retain, 
It enables him also to employ coal which, on account of the large 
proportion of pyrites which it contains, could not formerly be x used 
for iron smelting. His process consists in mixing from 1 to 24 per 
cent. of chloride of sodium with the coal previous to coking, the 
Proportion of the salt being varied according to the quantity of 
pPyrites present in the coal. He haa also found, that if the same 
proportion of chloride of sodium be added to the raw coal, and the 
mixture be charged at once into the blast furnace, results are 
obtained almost equally satisfactory. The sulphur appears to he 
expelled in the form of chloride of sulphur. 

A furnace in full work requires an hourly supply of rather 
more than 1} tons of solid material, consisting on an average of 
5 parts of coal, 5 of roasted ore, and 2 of limestone, The roasted 
clay iron ore yields on an average 4o per cent. of iron, and each 
furnace when in full activity furnishes from 8 to 10 tans of metal in 
the 24 hours. Every morning and evening it requires to be tapped: 
‘on these occasions the iron is run into shallow grooves in the sand, 
and forms the cast-iron, or pig-iron of commerce, A good fur- 
nace if well managed may be made thus to work uninterruptedly 
without repair for many years.* 

(627) Composition and Properties of Cast-Iron. — Cast-iron 
differs greatly in quality; the differences observed in it depend in 
part upon differences in the proportion of carbon and silicon which 
it contains. The composition of these carbides differs greatly within 
certain Himits; but it docs not appear that iron is capable of 
combining with more than about 5 per cent, of carbon, A com= 
pound of carbon haying the composition of eC would consist of 
94°92 of iron, and 5°08 of carbon; and this is very nearly the 
composition of the hardest kind of white cast-iron, which from the 
cireumatance of its crystallizing in flat, brilliant tables, is termed 
by the Germans spieyeleisen (or mirror iron). Faraday and Stodart 
found the most highly carburetted iron which they could produce, 
to consist of—iron, 94°36 ;,carbon, 5°64. In many varictics of 
cast-iron the carbon exists in two distinct forms,—one portion 
being chemically combined with the metal, the other being me 
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PUDDLING. 


tion of air benenth them; c is the flue leading to the chimney, n, 
at the top of which the damper is shown; m is the plate upon 


Fie, 307. 


which the iron rests during the puddling process; it is protected 
from the heat by a coating of slag; r is the working door of the 
furnace; and 1 is the flosshole, or aperture through which the 
slags are removed from the hearth. 

The refived iron is often mixed with a certain proportion of 
scales of oxide from the forge, and is then gradually brought 
into complete fusion, carefully avoiding the contact of fucl. The 
mass is well stirred, 90 as to incorporate the oxide of iron with 
the melted metal; oxygen is transferred from the oxide thus in- 
troduced, to the carbon of the melted iron, and carbonie oxide 
is formed abundantly. An uppearance of boiling begins to show 
itself owing to the escape of the carbonic oxide in jets, which take 
fire and burn with a blue flame: by degrees the metal becomes 
Jeas fusible ns the carbon diminiehes in quantity, and at Iength it 
is converted into a granular, sandy mass. The heat is now raised 
till it becomes very intense, and air is carefully excluded by closing 
the damper and doors. The motal again begins to soften and 
agglomerate. The puddler gradually collects it into balls or 
blooms upon the end of an iron rod; he then remoyes it from the 








MANUTACTURE OF STEEL, 


‘to form a bloom, or ball, the metal is collected on an iron 
heated before the blast-pipe, and then hammered, 


Manufacture of Steel. 


(632) Tron, when combined with a smaller proportion of 
¢arbou than is contained in cast-iron, furnishes the valuable com- 
pound well known as steel, of which there ore several yaricties, 

tho quantity: of earbon in good steel varies between o*7 and 


oxygen burns off a portion of the carbon 

de lho al seed teats The preparation of natural 

is, therefore, an intermediate stage in the conversion of 

into wrought-iron, The mnsa thus obtained is rendered 

homogeneous by forging. It yields a stecl of inferior quality, 

is employed for making ugricultural implements and springs 
machinery. 

For more delicate purposes blistered stect is made use of: this 


‘upon this, at intervals of about balf an inch, a layer of bars of the 








VAKIETIES OF STEEL, 


Blistered steel is never homogeneous, the surface being always 
more highly carburetted than the inner portions of the bars, This 
variety of steel is employed for files, tools, and hardware of all 
When blistered steel is fused it forms cast-sleel, 
which, from being more uniform in texture, is of superior quality, 
asthe carbon is more equally distributed throughout the mass; it 
is employed for cutlery of the best description. Tilled-steel is 
also obtained from blistered steel ; it is first broken up into lengths 
of about 18 inches, then bound into faggots and raised to a 
welding heat in a wind furnace, where it is covered with sand, 
which combines with the oxide of iron and forms a fusible slag; 
the red-hot faggot is then rolled, and forged, by means of the 
tilt-hammer, into smaller bars. All steel is improved by this 
process of hammering. These tilted bars, when broken ap and 
welded together, form shear-steet, For many purposes the addi« 
tion of a small quantity of manganese is an improvement to the 
quality of the stecl, If about 1 per cent. of carbide of manganese, 
or of a mixture of charcoal and oxide of manganese be introduced 
into the melting-pot, a steel is obtained of fine, close grain, 
which admits of being welded to wrought-iron; a property not 
posseased by ordinary stecl. The experiments of Faraduy and 
Stodart led them to the conclusion that the addition of small 
quantities of silver, of chromium, or of rhodium, to good steel, 
furnished a steel of a superior kind, According to Mr. Brande, 
when steel is to be uand for the manufacture of dies for coining, 
the presence of a small proportion of phosphorus is beneficial. 
When dilate nitric acid falls upon stccl, a dark grey spot is pro- 
duced, owing to the solution of the metal in the acid whilst 
its carbon remains unacted upon: upon iron the acid produces 
a green spot, The acid acts unequally upon different parts of the 
surface, in certain of the finer varieties of steel, and thus pro- 
duces a ycincd appearance, such as was formerly given to the 
celebrated Damascus blades, According to M. Bréant, the Da- 
mascus steel is more highly carburetted than ordinary steel, and 
if allowed to coul slowly, it separates into layers of two different 
degrees of carburation; hence certain parts, when acted on by 
dilute acid, leave more carbon than others; the form and direction 
of these veins vary with the moie of forging adopted. 

Wootz ia a fincly damasked, hard stecl, of excellent quality, 
which is obtained trom India, Mr, Faraday found aluminum in 
a sample of this stecl which he analysed, and was disposed to 
refer its peculiar qualities to the presence of this metal. It 








TEMFERING OF STREL—PREFARATION OF TERE THON. 88D 


full yellow is produced; it is the temper fitted 

and fine cutlery. 

Rte ns ge cae a anc Ga At 
‘the first tinge of purple shows itself: this is the temper 
pocket-knives: 520° gives a purple, which is the tint for table and 
earring knives. A temperature from 530° to 570° produces various 
shades of blue, such a8 are used for watch springs, eword blades, saws, 
and instruments requiring great elasticity (Stodart), The different 
degrees of heat may be exactly regulated by heating the different 
articles in a fusible metal or oil bath, the temperature of which is 
ascertained by means of thermomoters, though im ordinary cases 
this degree of nicety is not observed. 

Hardened steel is somewhat less dense than wrought stecl, Tt 
appears that a portion of the carbon contained in steel, before the 
alloy has been hardened, is in the uncombined state; this portion 
is Ieft in the form of graphitic scales, when the metal is dissolved 
in hydrochloric acid: but after the steel has been hardened, the 
whole of the carbon is chemically united with the iron; and when 
treated with acids, is lef in the form of a liquid hydrocarbon, 
Before it has been hardened it may be worked ns casily as iron, and 
in certain cases may be welded upon that metal, Instruments are 
completely finished in the soft etate, and are then hardened and sub- 
soquentiy tempered, 

It is sometimes desirable to convert articles manufactured from 
soft iron superficially into steel, This is termed case-hardening, 
‘and is effected by heating them in contact with powdered cast-iron 
turnings, or sometimes with powdered charcoal. The same object is 
rpg neal when red-hot with powdered ferro- 
cyanide of potassium. 


(632) In order to obtain iron chemically pure, Berzclins recom- 
mends that filings of the best bar iron be intimately mixed with 
one-fifth of their weight of pure peroxide of iron, and placed in a 
Hessian crucible, covered with pounded glass (free from lead); the 
‘cover is then to be carefully luted on, and the crucible to be exposed 
for an hour to the strongest heat of a smith’s forge. By this 
means all traces of carbon and of silicon are oxidized at the expense 
‘of the oxygen of the peroxide of iron. If the operation be suecess- 
ful, the iron will be melted into = button, with a lustre approaching 
that of silver. Such iron is very tough, and much softer than 
ordinary bax iron; it has a sp. gr. of 78439. Pure iron may also 
Ye obtained in the state of fine powder, by decomposing the pare 
peroxide at a red heat in a current of hydrogen gas, 








ACTION OF AI AND OF WATER UPON TON, 80r 


‘Tt preserves its lustre unchanged in dry air nt ordinary tempera- 
tures, but when exposed to a moist atmosphere, its surface is 
quickly altered, and it becomes covered with rust. When once a 
spot of rust begins to show itself, the oxidation proceeds rapidly; 
moisture is absorbed from the air by the oxide, and thus a species 
of voltaic action is produced, the oxide performing the part of an 
electro-negative element, whilst the iron becomes eloctro-positive, and 

the atmospheric moistuns acts as the exciting liquid. ‘The carbonic 
acid of the air contributes in an important way towards producing 
this change; protocarbonate of iron is first formed, and afterwards 
it passes into the hydrated oxide, or rust of iron: this rust always 
contains ammonia, derived from the reaction of the hydrogen of 
the water upon the nitrogen of the atmosphere. Even the native 
oxides of iron invariably contain traces of ammonia (Chevallier). 
Tron may be kept for any length of time without undergoing any 
change in water quite free from air, as well as in water containing a 
Tittle free alkali. In a very finely divided state, such as that pro- 
duced by reducing precipitated oxide of iron at a low temperature 
in a current of hydrogen gas, the metal takes fire by mere 
exposure to the atmosphere. Ifa small quantity of alumina be 
precipitated with the oxide of iron so as to interpose some foreign 
matter between the particles of the metal, this pyrophorie pro- 
perty is much increased. At a red heat iron rapidly decomposes: 
water, and liberates hydrogen (293), whilst the iron is converted 
into minute crystals of the black or magnetic oxide; the following 
equation illustrates the chemical change: 4 HO+3 Fe=4 H+ 
(Be0, Fe,0,). 

Tron is soluble in diluted sulphuric and hydrochloric acids, with 
extrication of hydrogen. Even carbonic acid, when contained in 
water from which air is excluded, slowly dissolves this metal with 
extrication of hydrogen, and the carbonate of iron is dissolved in the 
excess of carbonic acid. It is rapidly attacked by nitric acid, with 
abundant evolution of binoxide of nitrogen. 

(634) Passive Condition of Iron—Under certain circumstances 
iron may be kept in concentrated nitric acid for weeks, without 
the slightest action, or alteration of the polish of its surface, 
There are various methods of producing this passive condition of 
iron in an acid of a moderate degree of concentration; some of 
these seem to indicate an intimate connexion with its voltaic rela- 
tious. This will be rendered evident from the following statement 
‘of some of the circumstances under which this remarkable pheno- 
menon is manifested. If a piece of clean iron wire be introduced 
into nitric acid, of a sp. gr. of about 1°35, immediate and brisk 











| BLACK OR MAGNETIC OXIDE OF InON. 805° 


| Sesquioxide of iron combines with some of the more f 
bases, towards which it acts the part of a feeble acid. com- 

| pounds which’it forms by heating it with potash and soda are easily 

| decomposed by water. According to Pelouze, when 4 equivalents 
of lime and 1 equivalent of peroxide of iron are precipitated together 
and boiled, they unite and form a white compound (4 CaO, Fe,O,) 
which is readily decomposed by the feeblest acids. Sesquioxide of 
iron occurs native combined with oxide of zine in erystals, mixed 
with oxide of manganese, constituting Frunklinite. With protoxice 
of iron it forms the black or maguctic oxide of iron, 

(637) Black or Magnetic O.vide of Tron baa 8 116; 
Sp. Gr. 5709.—This oxide occurs asa well-known mineral, the /oad- 
Soneewhich xoquires ita megnetiem’ from the inductive ‘i teesee 
of the carth. It is found in primitive rocks, forming beds, or 
sometimes as in Sweden, entire mountains, It furnishes a very 
pare and excellent iron, of which a Iarge quantity is annually sup- 
plied from the Swedish and American mines. It has a black 
colour and metallic lnstre ; it crystallizes in cubes, octohedra, or 
rhombic dodecahedra. Magnetic oxide of iron is the principal 
constituent of the scales of oxide which are detached during the 
forging of wrought-iron. It fuses at a high temperature, and ig 
formed when iron is burned in oxygen; the sesquioxide which is 
the result of the action losing part of its oxygen, owing to the 
intensity of the heat developed during the combustion. The same 
compound is formed by passing steam over heated iron t 
A hydrate of this oxide may be procured by dissolving equal weights 
of sulphate of the protoxide of iron in separate portions of water, 
and boiling one of these with nitric acid, which is gradually added 
to the boiling liquid until it ceases to evolve binoside of nit : 
when this point is reached, the whole of the protoside of iron will 
have been converted into peroxide: the two portions of the solution 
are then mixed together and precipitated by carbonate of soda, which 
is ndded in slight excess: the solution and precipitate are boiled 
together, and the black oxide falls as a heavy crystalline powder. 
The magnetic oxide is soluble without difficulty in hydrochloric 
acid, as well as in nitric acid and aqua regin; thix oxide however 
does not form specific salts, but mixtures of salts of the protoxide 


| and peroxide. 

(638) Ferrie Acid (FeO,) Eq. 52.—If a mixture of 1 part of 
sesquioxide of iron and 4 of nitre be heated to full redness for 
some time, a brown mass is obtained, which with water gives a 
Deantiful violet coloured solution, due to the presence of ferrate of 

Sud 











PROTOSULPHIDE, AND HISULPHIDE OF IRON. 807 


phar free, and converting the residue into sulphuric acid. When 
heated in the open air, this sulphide absorbs oxygen and becomes 
converted into sulphate of iron; at a still higher temperature it is 
decomposed, sulphurous and sulphuric acids escape, and sesquioxide 
of iron remains. 

Protosulphide of iron may be obtained in combination with 
water, as a black hydrate, by precipitating a solution of a protosult 
of iron with one of an alkaline protosulphide ; in this condition it 
‘rapidly attracts oxygen from the air, and assumes a brownish red 
colour, sesquioxide of iron being formed and sulphur liberated, 
‘The hydrated protosulphide of iron is slightly soluble in the alka- 
line sulphides, with which it forms green solutions. 

Tfiron filings be mixed with two-thirds of their weight of sulphur 
in powder, and moistened, the mixture becomes hot when 
to the air, and absorbs oxygen with sufficient rapidity to cause it in 
many cases to inflame ; sulphide of iron is at first formed, which 
Guichly ‘becomes converted into sulphate! A’ valuable Inte for 
the joints of iron vessels is composed of a mixture of 60 parts of 
iron filings sifted fine, and 2 of sal ammoniac in fine powder inti- 
mately blended with 1 part of flowers of sulphur. ‘This powder 
is made into a paste with water and applied immediately; in « few 
aminutes it becomes hot, swells, dixengages sulphuretted hydrogen, 
and soon scts as hard as iron itself. 

(640) Bisulphide of Iron (PeS,), Ey. 60, Sp. Gr 4°93.—This 
compound is found abundautly in the native state, constituting the 
fron pyrites of mincralogists. It occurs in the strata of every 
period; when found in the older formations it is crystallized in 
cubes of a brassy lustre, and is hard enough to strike fire with steel ; 
bat in the tertiary strata it more frequently occurs in fibrous 
madinted nédules. ‘The formation of iron pyrites may occasionally 
be traced to the slow deoxidation of sulphates by organic matter 
in waters containing carbonate or other salts of iron in so- 
lation; it is then frequently deposited in cubes or octohedra. 
This appears to be the usual mode of its formation in alluvial 
soils. Some varictics of iron pyrites, especially those found 
in the tertiary strata, are speedily decomposed by exposure to 
air; oxygen is absorbed, and protosulphate of iron formed. This 
ecomposition occurs with greater fucility if the sulphide: be 
Se Serrs rkivehiaacwatataiceas il Mrtiigt aa h39 tent anne 
schists; in which by the farther action of air, a subsulphate of the 
peroxide of iron is formed, whilst the liberated sulphuric acid 
‘reacts upon the alumina, magnesia, or lime of the soil, and forms 
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COMPOUNDS OF TRON WITH. CHLOMINE. 809° 


Protochloride of Tron (FeCl); Eq. Kiba ite a pening acy 
“2 aaltepet ae 


perature at which glass begins to soften. Its solution may be 
formed by dissolving iron in hydrochloric acid ; the hot, saturated 
liquid deposits the salt on cooling in green crystals, which con- 
tain 4 equivalents of water of crystallization. It is very soluble 
im water, and is taken up in considerable quantity by alcohol. If 
heated in the open air chlorine eseapee and peroxide of iron 
remains. 

Protochloride of iron unites with chloride of ammoniam and 
forms a double salt, from which the iron may be deposited upon 
various metallic articles, by boiling them in this solution with scraps 
of zine; the zine displaces the iron, which is deposited in a 
coherent lamina upon the other metals in consequence of a voltaic 
action. 

Sesquickloride of Iron (Pe,Cly) ; Eq. 162°5—This compound 
sublimes in anhydrous brown scales when dry chlorine gas is 
transmitted over iron heated to redness. ‘The anhydrous chloride 
is very deliquescent, and hisses when thrown into water, forming a 
rel solution. It is also soluble both in alcohol and ether. Tn a 
hydrated condition it may be procured by evaporating a solution 
of the protochloride through which chlorine haa been passed to 
saturation, or by dissolving hydrated peroxide of iron in hydro 
ehlorie acid: the solution, by concentration, yields large, red, 
deliqueseent crystals (Fe,Cl,, 6 ag), but the salt cannot be rendered 

by evaporation, as it is decomposed into hydrochloric 
acid and peroxide of iron. Perchloride of iron forms a double 
éalt with chloride of ammonium, which crytallizes readily in cubes, 
and is known in pharmacy as the ammonio-chloride of iron, The 
composition of this salt varies considerably: it is of a ruby-red 
colour, and seldom contains more than 2 per cent. of iron. 

An orychloride of iron is formed when a solution of the proto- 
chloride of the metal is exposed to the air, or when the perchloride 
is precipitated by a small quantity of caustic alkali. Tt is inso- 
luble in water containing salts, but is partially soluble in pure water. 

The iodides and bromides of iron correspond in composition to 
the chlorides. 

Protiodide of Iron (Fel, Eq. 155), is formed by digesting iron 
wire or filings, in a closed vessel, with four times their weight of 
fodine suspended in water ; direct combination between the elements 
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VERSCLENATE, AND FROVOCARBONATE OF IKON. 


be rendered anhydrous in large quantities, a little water distils with 
iy th ee lee cadena Bl 

the ‘Nordhausen sulphuric acid’ (346). ‘The residual oxide of iron 
is sold under the name of coleothar. 

‘The aqueous solution of protosulphate of iron, in common with 
that of all the protosalts of this metal, absorbs a large quantity of 
binoxide of nitrogen, forming a deep brown solution, which has a 
powerful affinity for oxygen; if this solution be heated in close 
vessols the gas is for the most part expelled unchanged ; if heated 
in air, nitric acid is formed in the liquid, and this converts the iron 
‘into a salt of the peroxide. 

With the sulphates of potash and ammonia, green vitriol forms 
salts precisely analogous in form and composition to those which 
are formed by these sulphates with sulphate of copper. ‘The formula 
of the potash salt is FeO, SO,+KO, SO, +6 ag. 

Pevsulphate of Tron (Fe,Q,, 3 80, Ey. 200), is made either 
by treating brown luematite with an excess of strong sulphuric 
acid, allowing it to digest for some time and then expelling the 
excess of acid at a heat short of redness; or by adding to the eolu- 
tion of 1 equivalent of protosulphate of iron, 4 an oquivalent of oil of 
vitriol, boiling, and adding to the solution nitrie acid in small 
quantities us long as any red fumes are given off. A yellowish- 
white deliquescent mass is obtained on evaporation, from which 
the acid is expelled by a red heat; at a more moderate heat the 
salt is rendered anhydrous : water dissolves it but slowly. It is found 
native in large quantities in Chili in the form of a white powder 
(Fe,0;, 3 80, 9 1q)- 

With sulphate of potash and the alkaline sulphates persulphate 
of iron forms double salts, in form and composition, as well as 
in taste, reeembling common alum. ‘The potash salt (KO,SO,, 
+Fe,0,, 3 SOs-+24 nq, ap. gr. 1-718), is astringent, very soluble 
in water, but insoluble in alcohol : it is very prone to spontancous 
ecomposition ; wud becomes converted from a colourless into w 
brown, gummy, deliquescent mass; this change is also produced 
by heating the salt to a temperature below 212°. ‘The solution of 
the two sulphates should therefore be allowed to evaporate spon- 
taneously during its preparation. 

(644) Protocarbonnte of Iron, (FeO, COs Eq. 38), ix found 
native in immense quantities, forming a valuable ore of iron, Tn 
its less usual condition, when crystallized, it constitutes spathic iron 
ore, and occurs in yellowish lenticular crystals, the primary form of 
‘which is a rhombohedron, isomorphous with calcarcous spar. The 
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formed ; it quickly passes through various shades of green 
brown by exposure to the air; this change of colour is due to the 


an excess of this reagent redissolves a part of the precipitate ; and if 
the solution contain chloride of ammonium, the whole of the oxide 
will be redissolved : this solution rapidly absorbs oxygen from the 
air, and a film of sesquioxide of the metal forms upon the surface, 
Red prussiate of potash, added to a neutral or acid solution gives a 

‘ight blue precipitate, which is one of the varieties of Prussian 
bine. If a solution of a protosalt of iron be boiled with nilrie 
acid, the metal is completely converted into a salt of the peroxide: 
the same thing is effected by the action of chlorine or bromine, or 
by boiling an acidulated solution of the salt with a small quantity 
of chlorate of potash. 

2, Salts of the perovide—In eolution they have a yellowish or 
reddish brown colour. Hydrosulphurie acid reduces them to the 
state of protosalts, whilst a white deposit of sulphur occurs: for 
example, with the persulphate the following reaction takes place:— 


Fe,0,, 3 80, + HS=2(FeO, SO,) +0, 80,43, 


With Aydrosuiphate of ammonia a black hydrated sulphide of 
iron is precipitated. The alkalies give a reddish brown voluminons 
precipitate of hydrated peroxide, insoluble in excess of alkali, 
Sulphocyanide of potassium gives on intense blood-red solution. 
Yellow prussiate of potash, « bright bluc precipitate of ordinary 
Prussian bluc. Tiacture of galle in neutral solutions, a bluish- 
black, inky procipitate ; this test is rendered much more delicate in 
its indications by the addition of water holding « little bicarbonate 
of lime in solution: it is the colouring matter of ordinary writing 
ink. In neutral solutions the denzoades and the succinates of the 
alkalies give voluminous inzoluble precipitates: benzoate or eucci- 
nate of ammonia or potash is sometimes employed to separate iron 
from nickel and cobalt, as the benzoates and the succinates of 
these metals are soluble. If a solution of a persalt of iron, to 
which potash has been added till it begins to occasion 4 permanent 
Preeipitate, be raised to the boiling point, it is completely decom- 
posed, and an insoluble aubealt of iron is precipitated : this property 
is often turned to account in the separation of iron from cobalt, 
nickel, and manganese, which are not precipitated under similar 
circumstances, 

Before the dlawpipe Woth classes of the snits act alike: with 
borax in the reducing flame they give a green glass, which becomes 
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nia, and which, it is supposed, will retain them in solation, but this 
method should never be resorted to in analysis, as the iron always: 
retains a large quantity of the other oxides. 

(650) Separation of Tron from Uranium.—The iron having heen 
converted into peroxide, is precipitated by a large excess of car. 
bonate of ammonia, which retains most of the uranium. This 
process, however, although usually adopted, is imperfect: na, if the 
quantity of iron be at all large, it retains a considerable proportion 
of uraniam, 

(651) Extimation of a mixture of Protoxide and Peroxide of 
Tron.—It often happens that the chemist has to ascertain the relae 
tive proportions of protoxide and sesquioxide of iron which a com 
pound contains, Many chemists employ for this purpose the 
process contrived by Murgueritte, which consists in ascertaining 
ee ay Ca mmesrured eolasion sb pment ae 
known strength, which the solution of iron can deoxidize and 
doprive of colour (Ann. de Chimie, ILL. xviii. 244). 

If the compound of iron for examination be soluble in hydro- 
chloric acid, the following process by Dr. Penny will be found 
both easy of excention and accurate in its results. It is based 
upon the power which a solution of bichromate of potash in excess 
of hydrochloric acid possesses of converting protochloride of iron 
into perchloride, while the chromium is reduced to the state of 
sesquichloride, in the manner shown by the following equation :— 
KO, 2 CrO, +6 FeCl +7 HCl=3(Fo,Cl,) + CrCl, + KCl +7 HO. 
In order to carry this process into effect, 44°4 grains of pure bichro- 
mate of potash arc introduced into an alkalimeter burette (480), 
which is to be filled up to oo with tepid water; the mixture is to 
be agitated until the salt is dissolved. Each division of the 
instrament contains sufficient of the bichromate to convert half a 
grain of protochloride of iron into sesquichloride. The ore for 
experiment haying been reduced to an extremely fine powder, too 
graine of it are boiled in a flask for ten or fifteen minutes with 
about 2 ounces of hydrochloric acid, of sp. gr. 1"100: about 6 
ounces of boiling distilled water are to be added, and the mixture 
immediately transferred to an evaporating basin, taking care to 
rinse out the flask thoroughly. A white plate is then spotted over 
with a few drops of a weak solution of red prussiate of potash, and 
the bichromate is cantionsly added from the alkalimeter to the 
solution of iron (which is kept in continual agitation), until it 
assumes a dark grecnish shade ; as soon as this begins to appear, 
‘it must be tested after each addition of the bichromate, by 
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in a state of mechanical mixture, and it is important to determine 
the relative proportions of the carbon which exist in these different 
conditions. This may be effected by dissolving the iron in hydro- 
chlorie acid. In this operation all the carbon which was chemi- 
cally combined with the iron is separated in the form either of a 
gaseous compound of earbon and hydrogen, or as a liquid hydro- 
carbon ; whilst the seales of geaphite mechanically diffused through 
the metal are not acted upon by the acid, and are left in a solid 
form mixed with silica, In order to ascertain the proportion of 
graphite in this residue, it is collected on a small weighed filter, and 
wished with ether to remove any adhering liquid hydrocarbon ; 
the filter and its contents are dried at 212° F., und weighed in a 
corered crucible. The residue is then burned, and the silica which 
remains is deducted from the weight of the precipitate collected on 
the filter. 

a. The quantity of silicon contained in the iron is ascertained 
by dissolving the metal in hydrochloric acid and evaporating the 
solution to dryness, moistening with concentrated hydrochloric 
acid, thus dissolving all the soluble matter in water, and collecting 
the silica on a filter: from this residue, after the graphite is 
burned off, the quantity of silicon can be estimated, 100 parts of 
silicic acid representing 48 of silicon. 

3. Sulphur, Phosphorus, und Arsenic.—The most wceurate 
mode of estimating these substances consists in deflagrating about 
5° grains of the fincly-divided iron with about six times its 
weight of a mixture of 5 parts of pure nitre, and 1 part of car- 
Donate of potash, in a crucible of silver, or, still better, of gold.* 
The phosphorus, sulphur, and arsenic are thus converted into 
phosphoric, sulphuric, and arsenic acids, and combine with the 
potash; when the fused mass is digested in water they arc dis- 
solved, whilst the oxide of iron remains undissolved. ‘The filtered 
solution is supersaturated with hydrochloric acid, and the sulphuric 
acid is thrown down by means of chloride of barium ; the excess 
of baryta is removed by adding sulphuric acid, and the arsenic is 
thrown down by a current of sulphurctted hydrogen. The liquid, 
filtered from sulphide of arsenic, is now neutralized by ammonia, 
and on the addition of a few drops of solution of sulphate of mag~ 
‘nesia, the phosphoric acid is gradually separated, on standing, as 
the crystallinc double phosphate of magnesia and ammonia. 


























COMPOUNDS OF CHROMIUM WITH OXYGEN. 909 
nitric acid, sometimes becoming incandescent during the, action 5 
it is dissolved by hydrochloric acid and dilate sulphuric acid, with 
evolution of hydrogen. 

Metallic chrominm has not been applied in the arta, but its 
oxide and many of the chromates are highly valued as colouring 
materials, both in painting on porcclain and in calico printing. 

(654) Compounds of Chromium with Oxygen.— Chromium 
forms 4 well marked oxides; a protoxide, CrO; a scequioxide, 
Cx,0,, both capable of forming salts with acids; an intermediate 
oxide (CrO, Cr,0,), corresponding to the maguetic oxide of iron, 
and a powerful metallic acid (CrO,), chromic acid, corresponding 
to manganic and ferric acids. It also appears probable that a 
perchromic acid (Cr,O,) exists; at least a blue liquid is obtained 
ou pouring peroxide of hydrogen into a solution of chromic acid, 

Protowide of Chromium (CrO) ; Eq. 34°3—This oxide is known 
only in the hydrated condition. It is obtained as a dark brown 
precipitate on adding caustic potash to a solution of the 
chloride of chromium ; it absorbs oxygen with great ayidity, and 
even decomposes water, with extrication of hydrogen, and then 
becomes converted into the intermediate hydrated oxide (CrO, Cr,0,, 
HO), which is of the colour of Spanish snuff. 

‘The protoxide of chromium forms a double sulphate with sul- 
phate of potash (CrO, $0,+KO, SOs, 6 aq), corresponding to the 
double sulphate of iron and potash both in form and composition. 
The erystals arc of o fine bluc colour. 

(655) Seapioside CxO, E765 Sp. Gr. ryntalized, 2. 
—This oxide is obtained as a greyixh-green hydrate by 
with alcohol a solution of bichromate of potash acidulated with 
sulphuric acid. The alcohol deprives the chromic acid of half 
ita oxygen, and the liquid becomes green from the formation of a 
sulphate of the sesquioxide. On the addition of ammonia, a bulky, 
gelatinous, green precipitate of the hydrated oxide is produced, 
which, when dried in the air, has the formula (Cr,Q,, 10 9q). In 
this form it is frecly soluble in acids, and forms salts the solutions 
of which are of a green colour ; but they do not crystallize. Sesqui- 
oxide of chromium, though comparatively a feeble buse, forms also 
another isomeric set of soluble salts, which are of a violet colour. 
If these violet-coloured salts be precipitated by an alkali, they give 
a binieh-green hydrated oxide, which if redissolved in an acid without. 
the application of heat, reproduces the violet-coloured salts. If 
the liquid be heated to the boiling point, or a little short of it, the 
‘salt passes at once into the grecn modification. ‘The yiolet salts 
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‘The crystals are allowed to dry upon a porous tile, under a bell- 
glass. A good deal of sulphuric acid however still adheres to” 
them: M. Fritsche recommends, in order to remove this sul- 
phuric acid, that the crystals should be dimolved in water, and a 
solution of bichromate of baryta should be added in quantity just 
sufficient to throw down the whole of the sulphuric acid as sulphate 
of baryta: the solution may be recrystallized by evaporation in 
vacuo. 

Chromic acid when dried at a gentle heat is anhydrous. While 
hot it is black, but becomes dark red on cooling: at about 4oo° F. 
it fuses, and if heated more strongly, becomes vividly incandescent, 
and is converted into the sesquioxide with disengagement of oxygen. 
Chromic acid deliquesces when exposed to the air, It has a sour, 
metallic taste, and possesses considerable oxidizing power, from the 
fheility with which it is reduced to sexquioxide of chromium. 
Chromic weid forms more than one erystalline compound with sul~ 
phurie acid: these compounds are decomposed by water. 

Chromates.—Chromic acid combines with bases, and forme three 
classes of salta—basic, neutral, and acid. The chromates of the 
alkalies are soluble in wat the neutral salts have a yellow 
colour; the acid salts are of a bright orange: the most important 
of these salts are the chromate and bichromate of potash, from 
which the other chromates are gencrally obtained, 

el sear a CrOQs, Eg. 147'5, Sp. Gr, 
2°624), crystallizes in large red, , transparent, anhydrous q-sided 
tables, It fases below redness, and as it eools splits to pices from 
the inequality of its contraction. Lt requires about 10 times ite 
weight of water at 60° for its solution. When heated with sulphurie 
acid, oxygen gas is evolved, and sulphnte of potash and sulphate of 
sesquioxide of chromium are formed -— 

(KO, 2 CrO,) +4 S0,=KO, SO, + (Cr,0,, 3 SO,)4+0,. 

Tf a solution of carbonate of potash be added to the bichromate, 
‘until it becomes af a pale yellow colour, carbonic acid is expelled, 
and the newfrad chromate (KO, CrO,, By. 97°3, Sp. Gr. 27682), is 
formed. ‘This salt dissolves in about twice its weight of cold 
water, and etill more freoly in boiling water; it has a pure and intense 

colour. A very small quantity of the salt suffices to m+ 
part a yellow tinge to a considernble volume of water. By 
evaporation chromate of potash may be obtained with some difli- 
culty,in transparent, yellow anhydrous prisms,which are i 
with those of sulphate of potash; ata red heat it fuses without under- 
an2 
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potash, with which an additional equivalent of hydrate of potach 
has heen previously mixed. It may be obtained of a still. more 
brilliant colour by fusing 1 part of the neutral chromate of lead 
with 5 parts of nitre; chromate of potash and dichromate of lead 
are formed ; the salt of potash may be removed by washing. 

Chromic acid is the colouring matter of the ruby. Seth 3) 

Bichromate of Chloride of Potassium (KCl, 2 CrOs)—This 
remarkable compound may be obtained crystallized in oranges 
coloured needles, by dissolving 3 parts of bichromate of potash, and 
4of hydrochloric acid, in 4 little water at a gentle heat, and allow- 
ing it to cool; a large quantity of water decomposes the salt. 


compound may be obtained in black shining scales, 

bago in appearance, when the vapour of bisulphide of carbon ix 

transmitted over sesquioxide of chromium strongly heated in a 
tube. ‘The affinity of chromium for sulphur is but slight. 

If the hydrosulphate of ammonia be mixed with a salt of the sesqui- 

oxide of chrome, the hydrated sesquioxide of the metal ia precipitated, 

whilst sulphuretted hydrogen is evolved. 

(657) Chlorochromic Acid, CrClO,, or (CrCly+2 CrO,) is & 
dense red liquid, which emits copious red fumes of suffocating 
odour; it is immediately decomposed by water into chromic and 
hydrochloric acids. When dropped into trong solution of ammonia 
it bursts into flame from the intensity of the reaction. If the vapour 
be passed through a tube of porcelain heated to"redness, beautiful 
rhombohedral crystals of sesquioxide of chromium are formed ; 
these crystals are isomorphous with those of corundum ; they 
are hard enongh to cut glass, and are of a very dark green colour. 
During their formation, oxygen and chlorine escape in consequence 
of the following reaction ; 3 (CrCIO,)=Cr,0, + Cl, +0, 

Chlorochromic acid is analogous to the chloromolybdie, chloror 
tungstic, and chlorosulphuric acids in composition, and in the pro- 
dacts which it yields when decomposed. In order to prepare it, 
10 parts of common salt are fused with 17 of chromate of potaah ; 
the melted mass, when cold, is broken into fragments, and gently 
heated in a retort, with 30 parts of oil of vitriol. The chloro- 
chromic acid distils over readily. 

(657 bis) Compounds of Chromium with Chlorine. —Besides 
the preceding, chromium forms two cranes with chlorine,—a 
protochloride and a sesquichloride, The latter is the more 


‘important, 
Sesquichloride of Chromium (Cr,Cl,), Eg. 159.—When a current 
of dry chlorine is transmitted over an intimate mixture of finely 
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(659) Nitride of Chromium Cr,N,? (Schrétter)—If the anhydrous 
sesquichloride of chromium be heated in a current of dry ammo- 
niscal gus, chloride of ammonium sublimes, whilst the chloride of 
chromium is decomposed, emitting « purple light, and an insoluble 
chocolate brown compound of chromium and nitrogen is left, If 
it be heated to between 300° and 400° F., in a current of oxygen, 
it takes fire, and burns with a beautiful red light into oxide of 
chromium, emitting nitrogen gas mixed with red fumes of peroxide 
of nitrogen. 

(659 Sis) Sulphate of Chromium, (Cr,0;, 3 80); Eg. 196'5.— 
‘There are three varicties of this salt. One of them isa green soluble 
compound, which ix freely dissolved by alcohol, but does not crys. 
tallize. It may be obtained by boiling either of the hydrated 
oxides of chromium with sulphuric acid, A second modification, 
of a violet colour, may be procured by digesting 8 parts of the 
hydrated oxide of chromium dried at 212° with g parts of oil of 
Yitriol, in « shallow vessel exposed to the air at ordinary tempera- 
tures, The mixture gradually absorbs water, and becomes con- 
verted in two or three weeks’ time into a greenish-blue masa of 
crystals: these crystals are dissolved by water, and form a blue 
liquid, from which alcohol separates the salt in crystalline grains. 
This modification forms with sulphate of potash, or with sulphate 
of ammonia, a beautiful violet double salt (chrome alum) which erys- 
tallizes by spontaneous evaporation in bold octohedra, and corre 
sponds in form and composition to ordinary alum, the formula of 
the potash salt being (KO, SO5+CrjOy 3 S0,,-+ 24 aq.), 9p. yr. 17826. 
The solution of the violet sulphate, when boiled, becomes green; 
and if the crystals of chrome alum be dissolved in water, and the 
solution be boiled, the plum-coloured liquid also becomes green, 
and loses the power of crystallizing on cooling. If the violet sul- 
phate be heated to 212° it melts in its water of crystallization, 
Joses 10 equivalents of water, and becomes converted into the 
green aalt: but if the temperature be raised to about 700°, both 
the green and the violet modification are rendered anhydrous, and 
athird salt is obtained in red crystals, which are no longer soluble 
in water, or even in concentrated acids, or aqua regia, If digested 
fora long time with water, however, it becomes converted into the 
soluble form (Schrétter, Poggendorl!, Annal. liii., 513). The com- 
position of these three sulphates would be represented as follows -— 


Red insoluble sulphate... Crj04, 3 SO, 
Green soluble sulphate. . « CO, 380, 5 HO 
Violet soluble sulphate. . . Cr,Os, 3 SO, 15 HO 
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Tt is to be well washed and ignited 
repealed pre ceeeaitel 100 parts of the anhydrous oxide 
contain 68°68 of chromium. 

The Separation of Chromium from the Earths, and from Zino, 
Cadmium, Cobalt, Nickel, and Tran may be effected by 
the mineral, or the precipitate obtained by ammonia from its solus 
tion in an acid, with a mixture of carbonate of potash and nitre, 
the chromium is thus converted into chromic acid, and forme a 
soluble compound, from which the chromium may be precipitated 
a8 directed in the foregoing paragraph, whilst the earths and the 
other metals remain in the insoluble portion, ethcerinthe Seeiog 
oxides or of carbonates, 


§ VILE. Mancaxesn, 
Symbol, Mn ; Equivalent, 27°57 ; Specific Gravity, 8013. 
(662) ‘The ores of this metal are tolerably abundant, and it enters 
into the 
of minerals, so that it is widely diffused throughout the mineral 


kingdom. The most important and valuable ore of manganese 
is the black oxide, which occurs cither massive or in radiated 


Manganese is Feduced to the metallic state with difficulty. The 


and sugar, and igniting it intensely for a couple of hours in a 
crucible lined with charcoal, furnished with a cover luted on, and 
exposed to the heat of @ forge. It may thus be obtained in a 
metallic globule which contains a variable quantity of carbon ; 
the carbon may be removed by fusing the metal a second time in 
a porcelain crucible with a little carbonate of manganese. 

Manganese is of a greyish white colour, and ix brittle, but hard 
enough to scratch steel; it is very feebly magnetic. By exposure 
to the air, it speedily becomes oxidated, and should be preserved 
either in sealed tubes or under naphtha. 

Manganese enters into combination both with carbon and 
silicon when fused with them: the carbide, when treated with acide, 
leaves part of the carbon asa black powder: the compound of 
manganese with silicon is decomposed with difficulty even by aqua 
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is a black stalactitic or amorphous varicty frequently mixed with one 
of the lower oxides of the metal. Mad is also a hydrated peroxide 
of manganese, with a variable amount of water; it is in a 
less compact form than psilomelane, and is of a brown colour. 
Small quantities of cobalt and of the carbonates of the carths arc 
froquent constituents of these ores. Binoxide of mangnnese is a 
good conductor of electricity, and is strongly clectro-negative in the 
voltaic circuit. When ignited it gives off one-third of its oxygen, 
and the red oxide is left ; 3 MnO,=(MnO, Mn,O,) +s : if heated 
with concentrated sulphuric acid, half its oxygen escapes, ond a pro~ 
tosulphate is formed; MnO,+HO, SO,=MnO, SO,+HO+0. 
With hydrochloric acid chlorine is abundantly evolved, and a 
protochloride of manganese is left. Nitric acid has but little effect 
‘upon it. Peroxide of manganese is procured ins hydrated form as 
a reddish brown powder, when manganate or permanganate of 
potash ix by an acid. When the red oxide is treated with 
nitric acid, a hydrate of the peroxide is left, containing 4 MnO, -haq. 

(664) Commercial Assay of Oxide ‘af Mangonesel—1The Seceae 
mercial value of black oxide of manganese depends upon the 
proportion of chlorine which a given weight will liberate when it 
is heated with hydrochloric acid. ‘This quantity of chlorine varies 
much in different samples, and ix dependent upon the proportion of 
oxygen which the oxide of manganese contains in excess of that 
which is necessary to ite existence as protoxide, A convenient 
method of estimating this excess of oxygen is founded upon the 
eireumstance that the black oxide of manganese is decomposed in 
the presence of oxalic acid and free sulphurie acid ; protosulphate 
of manganese is formed, and all the excess of oxygen reacts upon 
the oxalic acid and converts it into carbonic acid, which passes off 
with effervescence, If the mixture be weighed before the decom- 
position is effected, and again after it has been eompleted, the loss 
will indicate the amount of carbonic acid; and from this the 
available amount of oxygen is readily calculated. ‘Che reaction 
may be traced thus: MnO, +SO,+C,Q, yields MnO, SO,+2 CO, 
Each equivalent of peroxide of manganese gives 2 equivalents, or 
exactly its own weight of carbonic acid. 

‘The apparatus of Will and Fresenius, fig. 291, p. 740, is well 
adapted to the performance of this experiment: 100 grains of the 
mangancse to be tested is reduced to an extremely fine powder, 
ani mixed with 150 grains of oxalic acid; the mixture is placed in 
the flask} a, and about 14 ounce of water is added: the experiment 
is then proceeded with exactly as in the method already described for 
estimating carbonic acid in a carbonate (481). The decomposition 
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of soda; if any trace of manganese be present, a green colour ix 
imparted to the fused mass. The manganates are very unstable; 
they are decomposed by boiling their solutions. 

Tn the solid form they are readily decomposed by elevation of 
temperature, and oxygen is evolved ; an excess of potash renders the 
salt more stable: organic matter also readily abstracts oxygen from 
them. ‘Their solutions must not even be filtered through paper. 
Sulphurous and phosphorous acids readily reduce the manganates 
to a sult of protoxide of manganese; salphurous acid and manga- 
nate of potash, for example, produce the following result :-— 


KO, MnO, +2 SO,=Mn0, $0,4KO, 8O,. 


(666) Permanganic Acid, (Mo,0;), Eg. 111.—If a solution of 
manganate of potash be largely diluted with water, the colour 
changes from green to violet ; the manganic acid passes to a higher 
state of oxidation, and permanganate of potash is formed. 

This salt is best prepared by mixing intimately 4 parts of fincly 
powdered peroxide of manganese with 3} parts of chlorate of 
potash; 5 parts of hydrate of potash are dissolved in a small 
quantity of water, and added to the mixture, which is dried and 
reduced to powder, and then heated to dull redness for an hour in 
an earthen crucible. When cold, the mass is treated with a large 
quantity of water ; the solution on evaporation yields beautiful red 
acicular crystals of permanganate of potash, (KO, Mn,0,). ‘These 
crystals arc isomorphous with those of perchlorate of potash ; they 
require about 16 parts of cold water for solution. Permanganate 
of potash is in certain cases a useful oxidizing agent: it may be 
employed to detect the occurrence of sulphurous acid in solution 
in sulphuric or hydrochlorie acid ; sulphurous acid quickly deoxi- 
dizes it and destroys its colour if present. 

‘The permanganates are much more stable than the mangonates; 
their solutions may be boiled without undergoing decomposition. 
Organic matter, however, combines with part of the oxygen con~ 
tained in the acid, and reduces it first to manganic acid and then 
tothe binoxide of the metal, which is precipitated as a hydrate in 
floceuli: their solutions, therefore,must not be filtered through paper, 
but through a funnel loosely plugged with asbestos. When ignited, 
oxygen is given out, and a manganate is reproduced, which, if the 
heat be too great, is in turn decomposed with a further extrication 
of oxygen, Moat of the permanganates are freely soluble in water ; 
the permanganate of silver is the least soluble of these salts. If 
concentrated solutions of permanganate of potash and of nitrate of 
silver be mixed together, a red crystalline permanganate of silver 
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‘separates, It may be employed for the preparation of the 
; if it be levignted with water, and mixed with a 

of the chloride of the metal, of which the permanganate is required, — 
double decomposition occurs, and chloride of silver is formed, whilst 
the desired permanganate is obtained in solution. In this way the 
permanganate of baryta may be procured, and from it the per- 
manganic acid. soar bs obhined da wluten, ye 
of dilute sulphuric acid, as long as any precipitate is. produced. On 
evaporation it may be obtained as a brown crystalline 
mass, which is very soluble in water; its solution is decomposed by 
mere elevation of the temperature ; alittle beyond 100° F. hydrated 
peroxide of manganese is deposited, and oxygen gas escapes. 

(667) Protosulphide of Manganese ix obtained as a yellowish 
red hydrate, by precipitating a salt of the protoxide by hydrosul- 
phate of ammonia, It speedily becomes oxidized by exposure to the 
air. A native sulphide of manganese is occasionally met with of a 
brownish black or steel-grey colour and feeble metallic lustre. ‘The 
other sulphides of manganese have not been accurately examined. 

(668) Citorides of Mangancse—Three chlorides of this metal 
may be obtuined: e protochloride, a sesquichloride, and a per- 
chloride (Mn,Cl,): but there is some doubt as to the composition 
of the latter compound. 

Protochloride of Manganese, (MnCl+4 aq); By. 63+36— 
‘Thia substance is obtained abundantly a4 a waste product in the 
preparation of chlorine by acting on the black oxide of the metal: 
the chlorine escapes, and the chloride of manganese is dissolved, Tf 
this solution be evaporated to dryness, re-dissolved in water, and 
subjected to a current of sulphuretted hydrogen to reduce the 
iron to the state of protoxide, the manganese may be obtained 
free from iron, nickel, and cobalt by suspending freshly precipi- 
tated sulphide of manganese in water, and adding it to the liquid 
‘as long as the fresh portions of sulphide become blackened; the 
manganese displaces the other metals from their solution, and 
they are precipitated os black hydrated sulphides: for example, 
FeC!+HO, MnS=MnCl+ HO, Fes. 

On craporation the chloride of manganese crystallizes in a 
tabular form with 4 equivalents of water. It is of s delicate pink 

colour and slightly deliquescent ; by heat an anhydrous chloride 
may be obtained, which is soluble in alcohol, and erystallizes with 
two oquivalents of alcohol. 
A. sesquichloride may be obtained in solution by acting on the © 
) paaresn sat Saniieta ik sok i aailava SO it is of a 
dark brown colour : it must be concentrated by cyaporation in vacuo, | 
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OTHER SALTS OF MANOANESR. 923° | 

‘The Perchloride Mn,Cl,?, (Dumas,) is obtained as a greenieh- 
yellow gus, which condenses nt o° F. to a greenish-brown | 
hy dissolving permanganate of potash in ail of vitriol and adding } 
fased chloride of sodium in small portions at a time, ‘The fumes | 
in a moist air assume a purple colour from the formation of per- 
manganic acid; water decomposes it instantly, forming a red 
solution of permanganie and hydrochloric acids, It is probable 
that this compound is an oxychloride of the metal, somewhat 
analogous to chlorochromic acid (657). 

Fluorides of manganese, corresponding to each of these chlo- 
rides, have been formed. 

(669) Sulphate of Manganese (MnO, SO,, 5 99, By. 75°5+45), 
is obtained hy dissolving the binoxide in sulphuric acid; it erys- 
tallizes below 42° with 7 equivalents of water; between 45° and : 
68° with 5 equivalents; between 68° and 86° with 4 equivalents of 
water (Brandes). It forms a double salt with sulphate of potash 
(MnO, SO,+KO, S0,+6 aq), which is isomorphous with the 
corresponding double sulphate of magnesia. The sesquisulphate 
of manganese forms « double salt with sulphate of potash, which 
crystallizes in octohedra (KO, SO,+Mn,O,, 3 80,424.99), and 
corresponds in form and composition with common alnm. 

Carbonate of Manganese (MnO, CO,); Eg. 57°5—The anhy= 
drous carbonate forms the native manganese spar, and 
fecompanies spathic izon: the artificial carbonate may be ob- y 
tained as a white hydrate 2 (MnO, CO,) + HO, on precipitating the 
chloride by an alkaline carbonate: it becomes brownish by drying. 





(670) Caanacrers ov tae Sars or Manaanese.—The salts of 
‘this metal are of a delicate rose colour; they have an astringent 
taste, With potash and soda they yield a white precipitate of 
hydrated protoxide, which rapidly absorbs oxygen, and becomes 
brown by exposure to the air. Ammonia gives a similar precipi- 
tate, which is soluble in excess of the ammonineal Liquid, especially 
when it contains chloride of ammonium; the solution quickly 
absorbs oxygen, and deposits a brown hydrated psroside of man 
ganese. The alkaline carbonates give a white precipitate of enr- 
donate of manganese, soluble in chloride of ammonium. With 
hydrosiphate of ammonia a characteristic flesh-coloured hydrated 
sulphide of manganese ix formed, which becomes brown by expo- 
sure to the air. Sulphuretted hydrogen gives no precipitate in 
the solutions of manganese. Ferrocyanide of potassium gives a 
white precipitate; in neutral solutions ferrideyanide of 
produces « brown precipitate. Mr. Cram has pointed out an 




















EXTRACTION OF METALLIC TIN. 927 


five or six hours; the oxide of tin is thus reduced hy the garbon, 
before the temperature rises high enough to cause the oxide to 
fuse with the silica, with which it would form an enamel difficult 
of reduction. ‘Towards the end of the operation the heat is raised 
until it becomes very intense, the slags are thus rendered fluid, 
and the reduced metal subsides to the bottom and is allowed to 
ron off into cast-iron pans, from which it is Indled off into 
moulds; but the ingots thas obtained are by no means pure. 

5. They are therefore next submitted to a process af fiquation, 
which consists in heating the ingots to incipient fusion, upon the 
bed of a reverberatory furnace: the purer tin being the more fusible 
portion, gradually melts out and leaves an alloy which has a higher 
melting point. This leas fusible portion when remelted forms the 
inferior variety called lock tin, The tin which has ran out of the 
ingots is drawn off into a second pan in which the metal is gently 
heated, being kept in a state of fusion by a fire underneath; 
here it is agitated briskly by thrusting into the mass stakes soaked 
in water; the steam thus produced, as it bubbles up through the 
molten metal, carries the dust, slag, and other mechanical impurities 
to the suriece. After this treatment has been continued for 
about three hours, the metal is allowed to remain undisturbed 
for a couple of hours; it is then skimmed, ladled out and cast 
into ingots for the market. The portion contained in the upper 
half of the pan is the purest, as owing to the low density of 
tin, and its tendency to scparnte from its alloys, it rises to the 
surface. The finest quality of the metal is frequently heated a 
second time to a temperature 2 little short of its melting point ; 
at this high temperature it becomes brittle, and, if allowed to 
fall from a height, it breaks into irregular prismatic fragments, 
which are known a8 dropped or grain tin, The splitting of the 

mass into theee fragments is a rude guarantec of the purity of the 
metal, since impure tin does not become brittle in this manner. 

On the continent the stream tin is frequently reduced in small 
Dlest furnaces termed by the French fourneaue d manche ; the fuel 
used in this case is charcoal, The tin which is imported from 
Banca is almost chemically pure. English tin usually contains 
‘small quantities of arsenic, of copper, of iron, and of lead, 

When required in a state of perfect purity, the metal may be 
obtained by means of voltaic action. For this purpose n con- 
cenirated solution of crude tin in hysrochloric acid is placed in a 
beaber, and water is cautionsly poured in without disturbing 
‘the dense aolution below, If a bar of tin be plunged into the 
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TEN PLATES 


results, Tn tin plate an actual alloy of the two metals is formed upon 
the surface of the iron, the external surface being pure tin, Por the 


phuric acid and water; after which they are raised to a red 
heat in a reverberatory furnace ; they are then withdrawn, allowed 
to cool, and hammered flat. In order to detach from them 
ull the scales of oxide, they are passed between polished rollers, 
und as they emerge they are plunged one by one into a mix- 


into pure water or lime water, where, if the surface be clean 
on immersion, they may remain for any length of time without 
fusting: these preliminary steps are necessary in order to secure a 
clean surface, as the tin will not adhere to an oxidated or even a 
dusty plate. More recently, the plates after scouring have been 
cleaned with hydrochloric acid holding zinc in solution, and then 
alipped into the melted tin in the manner about to be described. 
Tn order to tin them they are plunged one by one into a large 
vessel of melted tallow free from salt, and after remaining there 
for an hour they are immersed in the bath of melted tin, which is 
preserved from oxidation by a etratum of grease three or four 
inches thick. Here they remnin for about an hour and a half,they are 
then withdrawn and allowed to drain. After this they are 
plunged into a second bath of pure tin, and the superfluous tin is 
removed by again heating them in a bath of tallow; the tin melts 
ond runs down to the lower edge of the plate; when cool, this 
thickened margin is finally reduced by dipping the edge of the plate 
once more into melted tin, the heat of which quickly fuses the 
superfluous metal, which is then detached by giving the plate a 
sharp blow. ‘Tin plate is sometimes made to exhibit a beautiful 
crystalline appearance, known under the term moirée métallique. 
A mixture of 2 parts of nitrie acid, with 2 of hydrochloric acid, is 
made with 4 of water: the tin plate is gently heated and the 
liquid spread evenly over with a sponge; the crystals gradually 
appear. ‘The plate is then plunged into water, dried quickly, and 
. Different coloured varnishes are used to vary the effects, 
‘inning of copper is the same in principle, but is a simpler 






































ALLOYS OF TIN—PROTOXIDE OF TIN, 931 


owing to their difference in density, have a tendency to separate 
from cach other, even after they have been well incorporated ; 
the tin accumulates in the upper portions of the melted mass, 
where it forms a more fusible alloy. It is therefore very diffi. 
Pals tas Taeya cantiyg to ofa. a tinin aP saatal tha ose ala 
which is uniform throughout. 

Speculum Metal, used for the mirrors of reflecting telescopes, 
consists of 1 part tin and 2 copper, or (SnCu,). It is of a steel 
white colour, extremely hard, brittle, and susceptible of a high 


The Amalgam of Tin and Mercury is employed for the silver- 
ing of mirrors. In order to apply it to the glass, a sheet of 
tinfoil is spread evenly upon a smooth slab of stone, which forms 
the top of a table carefully levelled and surrounded by a groove, 
for the reception of the superfluous mercury. Clean mereury is 
poured upon the tinfoil, and spread uniformly over it with a roll 
of flanncl; more mercury is then poured on until it forms a 
fluid layer of the thickness of about half-a-crown; the surface is 
cleared of impuritios by passing a linen cloth lightly over it, 
the plate of glass is carefully dried, and its edge being made to dip 
below the surface of the mercury, is pushed forward cautiously ; 
all bubbles of air are thus excluded as it glides over and adheres 
to the surface of the amalgam. Weights are then placed upon 
the glass, and the stone is gently inclined so as to allow the exocss 
of mercury to drain off; the plate is then covered with flannel and 
loaded with weights for 24 hours, at the end of which time it is 
placed upon a wooden table, the inclination of which is increased 
from day to day until the mirror assumes a vertical position: in 
about a month it is sufficicntly drained: ‘The amalgam usually 
contains about 4 parts of tin to 1 of mercury. 

Several of the compounds of tin are employed in the arts. 
‘The binoxide is used to some extent inthe preparation of enamels, 
and both the chlorides of tin are substances of great importance 
to the dyer and the calico printer. 

(677) Oxides of Tin—With oxygen, tin forms two principal 
compounds, the protoxide and the binoxide, besides some inter~ 
mediate oxides of minor importance. 

Protoride of Tin (SuO, Ey. 67), is obtained as a white hydrate, 
(SuO, HO), by pouring a solution of the protochloride of the metal 
nto one of carbonate of soda or potash in excess ; the carbonic acid 

with effervescence. When moist, this hydrate absorbs oxygen 




































ou the addition of acid in excess, or on boiling the solution. 
Metastannie ucid is freely soluble in solutions of potash and soda, 
aswell as in solutions of their carbonates, but it is not dissolved by 
ammonia. ‘These metastunnates are not crystalliathle, and are pre~ 
cipitated by adding caustic potash to the aqueous solution; the 
granular precipitate may be drained upon a tile, and dried at 260° FP. 
‘The potash salt has a strongly alkaline reaction ; it consists of (KO, 
Sn,0,,, 42q)- The mctastannates of the alkalies, when strongly 
heated, are decomposed and become insoluble; when treated with 
| water, metastannic acid is left, whilst the alkali is dissolved. 
| Metastannic acid may be recognised by the beantiful golden-yellow 
| colour which it yields when its hydrate is moistened with proto- 
| chloride of tin, owing to the formation of metastannate of tin, 
| (Sn, Sp,O,,,429). The only metastannates which are soluble are 
those of potash and soda; they are precipitated in the gelatinous 
state from their solutions by the addition of almost any of the 
neutral salta of soda, potash, or ammonia, 
(679) Stannic Acid, (ILO, SnO,).—'This variety of the hydrated 
| oxide of tin may be procured by precipitating a salution of biehlo- 
| ride of tin by ammonia, or still better by an insoluble carbonate, 
such as chalk or carbonate of baryta, whem it separates as a gola- 
tinous precipitate which may be readily washed clean; when dried 
in vacuo, the composition of the hydrate is (HO, SnQ,). In this 
state it is freely soluble in hydrochloric acid, with which it repro- ! 
duces bichloride of tin ; it is also soluble even in dilute sulphurie 
acid, but the stannic acid is separated on boiling, Nitric acid dis 
solves it freely, Stannic acid is soluble in the cold in solutions of 
potash and of soda, but not in ammonia; by a heat of 284° F. it 
is converted into metastannic acid. In combination with the alka- 
lies it forms compounds which crystallize readily, especially from 
solutions which contain an excess of alkali. 
Stannate of Potash, (KO, SnO,, 4 HO), is easily prepared by 
heating any form of peroxide of tin with excess of caustic potash ; 
‘on dissolving and evaporating the product, erystals are formed. 
When heated to redness, the stannate of potash may be rendered | 
The soluble stannates have a powerful alkaline 
reaction ; they absorb carbonie acid from the air when in solution, 
and are precipitated by solutions of most of the salts of potash, 
| soda, and ammonia, 
i Slannate of Soda, (NaO, Sn Oe -4 aa) eaes eee ee 
samo way a4 the stannate of potash. It crystallizes with facility in 
six-sided tables, when a solution saturated at about 100° ¥’. is heated 














CHLONIDES oF THN. 935, 


| phuretted hydrogen through o solution of the persalts of tin. This 
hydrate is readily dissolved by sulphide of ammonium, evolving sul- 
phuretted hydrogen: it is also soluble in the alkalies, and in hot 
hydrochloric acid, With sulphide of sodium it forms a salt which 
may be obtained in yellow crystals of 2 NaS, SnS, + 12 aq. 

The bisulphide fuses when chlorine is passed over it; 6 equiva- 
Ients of the gas are absorbed, and a yellow crystalline compound is 
obtained without the aid of heat, which may be considered a8 a 
compound of 1 equivalent of bichloride of tin with 2 equivalents 
of bichloride of sulphur, SnC1,, 2 SCl,. 

(681) Cutonsoes or Tix.—Tin forms with chlorine two com~ 
pounds, which correspond in composition with the sulphides of the 
metal. 


Protochloride of Tin, (SnCl); Eq. 94°5—The hydrate of this salt 
may be obtained by distolving tin in hydrochlorie acid, ‘This solu- 
tion is usually effected on the large scale im copper vessels, since 
the yoltaic opposition of the two metals favours the solution of the 
tin: on cvaporating the liquid till it crystallizes, prismatic needles 
are formed (SuCl, 2 aq. ; sp. gr. 2°759); by a heat of 212° it may 
be rendered anhydrous, hut it generally loses a portion of hydro~ 
chiorie acid at the same time. The protochloride is decomposed if 
mixed with a large quantity of water, hydrochloric acid remains 
in solution, and « white, hydrated oxychloride, SnCl, SuO, 2 aq, 
subsides. When exposed to the air, either in erystala or in solu- 
tion, it absorbs oxygen and forms a mixture of bichloride and oxy- 
chloride of tin. Protochloride of tin has a powerful affinity both for 
ehlorine and for oxygen; it therefore acts as a powerful reducing 
agent. Thus it deoxidizes completely the sults of mercury, | of silver, 
of gold, of antimony, and of arsenic, Advantage is sometimes 
taken of this circumstance in the analytical determination of the 
quantity of mercury, since all the salts of mercury, when boiled 
with the protochloride of tin, are decomposed, and yield their mer- 
cury ina metallic form. Sulphurous acid is likewise deprived by 
it of its oxygen, and it consequently produces a precipitate of sul- 
phide of tin when mixcd with a solution of the salt, Lt reduces 
the metallic acids in the salts of chromic, tungstic, molybdic, and 
manganic acids to a lower state of oxidation; and converts the 
persalts of iron into protosalts, and the protosalts of copper into 
saltsof the red oxide. Protochloride of tin is extensively employed. 
as a mordant by the dyer and calico printer, under the name of 
‘salts of tin, and they also use it for deoxidizing indigo and the per= 
oxides of iron and mangancse. It forms double elilorides with many 
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Ammonia gives a white hydrated oxide of tin, but the precipitate 
is not redissolved by an excess of ammonia, ‘The alkaline carbonates 
give a similar precipitate, whilst carbonic acid escapes with efferves- 
cence. A very characteristic reaction is the production, with su 
phuretled hydrogen, of a chocolate-brown precipitate of hydrated 
protosulphide of tin. With sulphide of ammonium, a similar pre- 
cipitate is formed, which is soluble in the alkaline sulphides. With 
dilute solution of chloride of gold, they give, if used in execss, a 
brown precipitate of reduced gold ; in smaller quantity, they yield a 
beautiful purple precipitate, the purple of Cassius. Ferroeyanide 
a daa gives a white precipitate, soluble in hydrochloric 


mee, ‘The Persalts of Tin are found to give with the caustic 
alkalice 2 white precipitate, soluble in excess of the alkalios; it 
is not precipitated on boiling the solution. Carbonates of the alk 
fies give a white hydrated oxide with escape of carbonic acid: the 
precipitate is insoluble in excess of the alkaline salt. Sulphuretted 
Aydrogen and hydrosulphate of ammonia both produce a dirty yellow 
precipitate of hydrated sulphide of tin, which is soluble im excess 
of the alkaline sulphides, and im the caustic alkalies, All the 
compounds of tin before the Ulowpipe with soda on charcoal in the 
reducing flame, give white malleable globules of the reduced metal. 

(684) Estimation of Tin, and separation from the foregoing 
Metals —Tin is catimated in the form of the anhydrous peroxides 
100 parts of which contain 78°66 of the metal. 

‘The separation of tin from all the metals hitherto described, is 
effected by means of sulphuretted hydrogen. With the exeeption 
of cadmium, none of these metals is precipitated by the gas, 
‘The mixed sulphides of tin and cadmium may be at once evaporated 
to dryness with nitric acid; on treating the residue with water, 
nitrate of cadmium will be dissolved, and the insoluble oxide of 
tin will remain. ‘The sulphide of cadminm is also easily separated 
from the sulphides of tin by hydrosulphate of ammonia, which dise 
solves the sulphides of tin and leaves the sulphide of cadmium. 
Both the sulphides of tin, by ignition in a current of air, are gra- 
dually converted into the binoxide of tin: this change may be 
aeeelerated by moistening them with nitric acid. 

‘Tin may also be separated from all metals with the exception of 
antimony, nrsenic (and lead if sulphuric acid be present), by 
evaporating the solution nearly to dryness with nitric acid,and wash 
ing the residue with water strongly acidulated with nitric acid. 

tin remains as metastannic acid, and by ignition furnishes the 

peroxide, 


















988 TITANIUM, 


§ IL. Trrasios. 
Symbol, Ti; Equivalent, 247127. 


Tr metal, 
cxslaetilo soley with as pene cae 





heated with charcoal, it is reduced, but is not fused, A. 

compound of the metal is frequently found, in the form of 
coloured cubic cryals,cdlaing 8, tie cage of Soa 
furnaces. These crystals are hard enough to scratch agate; they 
have a sp.gr.of 53. No acid, except a mixture of nitrie and 
hydrofluoric acids, has any action upon them, but they are oxidized 
by fusion with nitre, or by ignition in a current of oxygen. These 
crystal were supposed by Wollaston to be metallic titanium, bat 
Wahler showed that they cousist of a combination of cyanide with 
nitride of titanium ; they contain 28 per cent. of nitrogen, 
of carbon, having a formula TiCy+3(T,N). Another nitride 
the metal, TigNg, also formerly mistaken for metallic ‘titania 
procured in copper-coloured scales by igniting the ammonio- 
chloride of titanium (2 1,N, TiCl,) in close vessels, in a current 
of ammonia. Pure titanium may be obtained by decomposing the 
double fluoride of titanium and potassium with potassium, Tt then 
forms a grey amorphous powder, which burns in air with seine 
tillation, and deflagrates in oxygen with dazzling brillianey. 

(686) Three Owides of Titanium probably exist—the prot- 
oxide, the sesquioxide, and the deutoxide or titanic acid. 

The Prolowide (TiO, Eg. 32), has not been obtained in a pure 
state. It appears to be formed when titanic acid is heated in a 
crucible lined with charcoal: but where the acid is actually in 
contact with the charcoal, a film of metallic titanium is formed. 
‘The protoxide is a black powder nearly insoluble in acids, and ix 
gradually oxidized by exposure to a high temperature in air, or 
hy fusion with nitre. 

Ifa solution of titanic acid in hydrochloric acid be digested 
with zinc, a purple hydrated seaguionide of titand deposited, 
which absorbs oxygen from the air with great ro) becoming 
white from the formation of titanic acid. Hydrochloric acid dis- 


















solves it sparingly, and forms a blue solution. 
Titanic Acid (TiO,), By. 40-—This compound occurs in menae= 

ennite and iscrine as titanate of iron; but more commonly it is 

mot with in the uncombined condition, constituting the principal 
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‘TITANIC ACID. 


ore of the metal. It is found native under 
line forms, cach of which hns a different specific gravity. Of 
these, the densest and most abundant is rudile, of specific gravity 
425: it occurs in long striated prisms or needles of 2 brown 
colour, Esotaorphious with thises of stn stoss: The second variety, 





in the case of metallic oxides possessed of feeble acid powers. 
Pure titanic acid may be obtained by reducing ratile to a 
fine powder, and fusing it with thrice its weight of carbonate of 


next mixed with au excess of ammonia, and the precipitate is 
digested in hydrosulphate of ammonia, by which the tin, iron, and 
Manganese are converted into sulphides, whilst the titanic acid 
remains unchanged; a solution of sulphurous acid then dissolves 
the sulphides, and a pure white titanic acid is left. By long 
continued ignition, the colour of this white acid deepens, and its 
‘specific gravity increases till it acquires a density equal to that of 
rutile, In this state it is insoluble either in solutions of the alka- 
lies, or in acids, except hydrofluoric acid, or in boiling oil of vitriol. 
This modification of the acid may however be converted into the 
soluble form, by heating it with a fixed alkaline carbonate, then 
dissolving the residue with cold hydrochloric acid, and precipitating 
the titanie acid by means of carbonate of ammonia: it thus forms 
a white gelatinons hydrate, which dries into a semitransparent 
mass capable of reddening litmus. The liquid long remains 
tarbid; it cannot be rendered clear by filtration, unless an excess 
of some ammoniacal salt be present. Hydrated titanic acid is 
diseolved by the alkalies in solution, and it yields definite salts with 
them, When fused with potash it forms a transparent yellowish 
glass. ‘The hydrate of titanic acid is soluble in dilute hydro- 
chloric acid ; it is also dissolved by sulphuric acid, and forms a 
definite sulphate (TiO,, SO,), which may be evaporated to baa 
‘at a low temperature without undergoing decomposition. 

‘these acid solutions are decomposed by boiling them ; as 
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insoluble variety of titanic acid is precipitated. When he 
loses water and becomes insolable, It becomes yellow 
but recovers its whiteness on cooling. 

(687) A Bisulphide of Titaniun (TiS,), wony bo oboe fn 
green scales ; it is not soluble in the alkaline: 

Bichluride of Titanium (TiChy, Eq. 95), is 2 faming volatile 
liquid, resembling the bichloride of tin. It may be obtained by 
decomposing pure titanic acid, intimately mixed with charcoal, and 
heated to redness in a porcelain tube, by means of a current of 
dry chlorine gas. De oe a eee 
and yields a vapour of sp. gr. 6°836; with a small quantity of 
water it combines to form a erystallizable compound. A large — 
quantity of water produces its decomposition, hydrated titanic acid 
being separated. 


(688) Cuanactens oy tux Conrounns ov ‘TrraSies.—The 
salts of the protoxide are little known; with the alkaline carbonates 
they give « blue precipitate, which becomes first brown and ulti- 
mately green. ‘The titanates of the alkalics are of a yellowish white 
colour ; if neutral, they are insoluble; hot water xemoves the alkali, 
while most of the titanic acid remains undissolved, Hydrochloric 
acid dissolves them, forming a solution, which, when boiled, becomes: 
turbid from deposition of titanie acid; ammonia, when added to” 
this solution, produces a white precipitate, Tnfusion of gails pro~ 
duces an orange coloured precipitate in the acid solutions of the 
titanates ; a precipitate of similar colour is produced by ferrocyanide 
of potassium. In the reducing flame of the dlowpipe the titanates 
give with microcosmic salt a beautiful purple or bluish glass, which 
becomes colourless in the oxidizing flame. This reaction distin- 
guishes the titanates from the tantalntes. 

(689) Estimation of Titanium —Titanium is always estimated 
in the form of titanic acid. Its solution in cold hydrochloric acid 
is not precipitated by sulphuretted hydrogen, by which means it may 
be separated from tin and cadmium, both of which are thrown down 
as insoluble sulphides, ‘The solution is then mixed with tartare 
acid, nnd supersaturated with hydrosulphatc of ammonia. Tron, 
nickel, cobalt, manganese, and zine are thus ecparated in the form 
of sulphides, ‘The solution is then evaporated to dryness, and the 
carbon is burned off; titanic ncid is left, mixed with the earthy 
and alkaline salts of the mixture ; the residue is fused with potash, 
redissolved in the cold with hydrochloric acid, and on boiling the 
liquid, to which a little dilute sulphuric acid has been added, the 
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Symbol, Mo ; Equivalent, 46'0; Specific Gravity, 8°615 to 8°636. 
_ 691) ‘The principal ore of molybdenum is the bisulphide, a | 


chiefly in Bohemia and in Sweden. Molybdenum is also occasion- 
ally found oxidized, in combination with oxide of lead as molybdate 
of lead. The metal may be obtained by roasting the pure native sul- 
phide in a free current of air; the sulphur passes off as sulphurous 
acid, whilst the molybdenum also combines with oxygen, and re~ 
mains behind in the form of molybdie acid. Lf this be mixed into a 
paste with oil and charcoal, and exposed to the heat of a smith’s 
forge, in a crucible lined with charcoal, it is reduced to the me- 
tallic state. In this form molybdenum is white, brittle, and yery 
difficult of fusion. The acid may also be reduced by heating it to 
redness in a porcelain tube in a current of hydrogen; when the 
pulveralent metal is heated in the open air it is gradually oxidized, 
and finally converted into molybdie acid. Tt is also oxidized by 
acid; if the metal be in excess, a soluble nitrate of the 
binoxide is obtained ; if the acid predominate the oxidation pro- 
cceds farther, and molybdie acid is formed; aqua regin produces 
similar results. Molybdenum is also oxidized when fused with 
nitre, and molybdate of potash is produced. 

(61 bis) Oxides of Molybdenum.—Molybdenum forms 3 oxides ; 





COLUMSIUM—N{OBIUM—ILMENIUM—MOLYBDENtM. 941. 


titanic acid is precipitated, ‘This process, however, is not very accu. 
rato; indeed the exact determination of the quantity of titanium 
in its compounds is a matter of considerable difficulty. 


§ IIL. Coremsrem, Nrovrvm, Inwenrom, 


(690) Conomncom or fantalum ocenrs in the tantalite of Bo- 
hemia, and niodium is a metal found by H. Rose in the American | 
tantalite. ‘These metals have been as yet but imperfectly studied, | 
and are too rare to need a detailed notice here; they have a 
considerable analogy with silicon. Aceording to M. Hermann 
the yttro-tantalite of Siberia contains a new metal analogous to | 
columbium, to which he has given the name of idmenium, | 


§ TV. Morxnpexum. 


in appearance much resembling plumbago, and which occurs | 








the protoxide (MoO), and the deutoxide (MoO,) are both possessed 
‘of basic characters: the third (MoO,) is a powerful metallic acid. 


‘been en alt as omer ch 


hydrate 
from the protochloride by means of ammonia; it is soluble in 
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TAB MOLYBDATES—SULPHIDES OF MOLYRDENUM. MS 


neutral and acid. Those of the alkalies are eoluble. Nesta 
molybdate of ammonia crystallizes in colourless square 

Shesreetpagemere promis nes 5 MoOy 9 a) cesta 
lizes readily in six-sided prisms. acid molybdates of the 
alkalies have been formed, which oo roticeces yet 
5 equivalents of the acid to 1 of base. Molybdate of lead (PbO, 
MoO,) oceurs native in crystals of a yellow colour; it is soluble in 
nitric acid, and in solution of potash if the alkali be in large excess, 

Solution of molybdate of ammouia may be advantageously. 
employed in certain cases to detect the presence of very smal) 
quantities of phoaphoric acid in solution. The solution suspected 
to contain the phosphate must be acidulated with hydrochloric 
acid, and the molybdate then added. The liquid hecomes yellow, 
and gradually deposits a yellow erystalline precipitate, consist- 
ing of molybdie and phosphoric acids in combination with am- 
monia. According to Sonnenschein it contains 6'747 per cent. of 
ammonia, 

Sonnenschein takes advantage of the insolubility of this salt to 
etect small quantities of ammonia by its means. In order to 
prepare the test solution, he first procures the yellow precipitate, by 
adding molybdate of ammonia to an acidulated solution of phos+ 
phate of soda, ignites the precipitate to expel the ammonia, adds 
nitric acid to the residue, in order completely to reoxidize any 
reduced molybdic acid, evaporates to dryness, and expels the 
nitric acid by ignition, A solution of carbonate of soda is em 
ployed to dissolve the remaining mixture of phosphoric and molybdic 
acids, and the solution is supersaturated with hydrochloric acid, 
‘This liquid, it is stated, will easily detect the presence of 1 part 
of sal ammoniac in 10,000 of water. Salts of soda are not affected 
by it, but strong solutions of the salts of potash yicld a similar 
yellow precipitate, 

(693) Three sulphides of molybdenum are known, MoS, 
MoS, and Mos,. 

Bisulphide of Molybdenum (MoS;), Eq. 78; Sp. Gr. 4138 — 
‘This sulphide is the principal ore of the metal: it is unchanged 
by heat in close vessels, but if roasted in the open air, sulphurous 
acid is formed and is yolstilized, while molybdie acid remaing. 
‘This sulphide may be formed artificially by heating molybdie acid 
in the vapour of sulphur. 

‘The Terelphide (Mos Br, o4) Ss peciliced hydrate 
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‘TUNOSTEN—ITS OXIDES, 


§ V. Tuxastey. 
Symbol, W ; Equtvalent, 92 ; Specific Gravity, 17°6. 

(695) Tunosren is a metal found in small quantities in the 
form of an acid combined with lime, in the mineral known as 
Scheelite or tungstate of lime (CaO, WO,): or else in wolfram as 
fA tungstate of iron and manganese (MnO, WO,) +3 (FeO, WO,). 
It is easily obtained from the tungstate of lime, by digesting the 
powdered mineral in hydrochloric acid, which com! with and 
dissolves the lime, but leaves the insoluble tungstic acid behind: 
from this compound the metal itself is procured, by heating it to 
bright redness in a current of hydrogen gas. It ia thus left of a 
dark grey colour, but it assumes a metallic lustre under the burn- 
isher. If the acid be made into a paste with oil and heated intensely 
ina crucible lined with charcoal fur same hours, tungsten is obtained 
as a heavy, iron-grey metal, which is very hard, and difficult of 
fusion, It may be heated in the air whilst in the compact state 
without sensible change, but in the pulverolent form it burns 
easily into tungstic acid. Aqua regia and nitric acid convert it 
into tungstic acid, and the same change is produced by heating it 
in contact with the alkalics or with nitre. 

(696) Iwo oxides of tungsten ure known, viz, a binoxide 
which does not form salts with acids, and an acid teroxide, 

The Binoxide (WO,) is obtained as a brown powder by heating 
tungstic acid to low redness in a stream of hydrogen; orin copper 
coloured scales by adding tungstic acid to dilute hydrochloric acid 
in which some picces of zinc have been placed. In the latter form 
it rapidly attracts oxygen from the air and diseolves in a solution 
of potash with evolution of hydrogen and formation of tungstate 
of potash. Wahler obtains it from wolfram by fusing 1 part of this 
mineral with 2 parts of carbonate of potash; the melted moss is 
treated with boiling water, filtered, and mixed ‘with a solution of 
14 part of chloride of ammonium. ‘The solution is evaporated to 
dryness and the residue ignited. Upon treating the mass with 
dwiling water, the oxide of tungsten remains as a heavy black 
powder, which must be washed, first with a weak solution of potash, 
and afterwards with water. The hydrogen of the ammoniscal 
salt partially reduces the tungstic acid of the mineral. 

With soda the oxide of tungsten forms a remarkable com= 
pound of a yellow colour and metallic Justre. Tt crystallizes in 
cubes, and is not acted upon by any acid or mixture of acids except 
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CHARACTERS OF THE SALTS OF TUNGSTEN. O47 | 


tungstic acid. ‘The terrulphide is a strong sulphur acid, and with 
asad potassium it forms an orange-yellow crystallizable 
compound. 

Both the chlorides of this metal are volatile ; they are decom- 
posed by water into hydrochloric acid and the corresponding 
oxide of tungsten. 

‘An oxychloride (WO, Cl) may be obtained in yellow volatile 

scales, by passing dry chlorine over the heated binoxide 
of tungsten. It is sometimes termed chlorotungstic acid. 

Bichloride of tungsten absorbs ammonia, and by a gentle heat, 
the whole of the chlorine is expelled in the form of sal ammoniac, 
leaving a black powder consisting of 2 WN4WH,N. When 
heated in the air it burns, evolving ammonia and leaving a residue 
of tungstic acid (Wahler). It is not soluble in acids. 


(698) Cuansetens or Toe Saurs or Toxasrey.—The com- 
pounds of this metal are not poisonous. The tungstates in solution 
are colourless. A dar of tin, placed in their solution in a vessel 
from which air is exhausted, produces a deep violet-coloured 
liquid, owing to the reduction of the acid to a lower degree of oxida- 
tion, The addition of any etronger acid to the tungstates causes 
the separation ofa yellow precipitate of tungstic acid contaminated 
by the precipitant. They yield before the blompipe with borax, a 
colourless transparent glass, which becomes yellow in the reducing 
flame, and blood-red ou cooling. With microcosmic salt (517) they 
give a beautiful blue in the reducing flame, which becomes yellow or 
colourless in the oxidating flame; the addition of a Little metallic 
tin to the bead favours the production of the blue colour. Ps 

‘Tangsten ix always estimated in the form of tungstic acid, 
too grains of which contain 79°32 of the metal. 

A remarkable similarity exists between the compounds of 
tungeten and those of molybdenum, und it is worthy of note that 
the equivalent number of tungsten is exactly double that of 
molybdenum, whilst its specific gravity is also very nearly double, 


§ VL Vaxaviom, 
Symbol, V ; Equivalent, 68°45. 
(699) Vawanrum is one of those rare metals at present known 
only #3 chemical curiosities ; it was discovered in 1830, by Sefstedm, 
in Swedish iron ore from Taberg, but its most abundant ore is 


‘the vanadiate of load which has been found at Zimapan in Mexico, 
fat Wanlockhead in Scotland, and more recently in Chili; lately 


M48 OXIDES OF VANADIUM—VANADIC ACID. 


‘Wahler has found vanadium accompanying some of 
nium and iron. It is best obtained by reducing vanadie acid ina 
covered porcelain crucible, by means of potassium: the reduction 
takes place with vivid incandescence; the potash is dissolved by 
water, and vanadium is deposited aa a brilliant metallic powder. 
By passing a current of dry ammonia over heated chloride of vana~ 
dium, the metal is obtained in a coherent form with a steel white 
lustre; it is brittle and very infusible. It is readily dissolved by nitric 
acid and aqua regia, forming a fine bluc solution; but it is not 
acted upon even by boiling sulphuric, hydrochloric, or hydrofluoric 
acids ; when heated with the alkalies in close vessels, it undergoes 
no change. 

(700) Owides of Vanadium—This metal forms three distinct 
compounds with oxygen, VO, VO, and VOy. ‘The protowide (VO, 
Eq. 75°5) is obtained from vyanadie acid by reducing it in a stream 
of hydrogen, or by charcoal ; it is a black crystalline brittle mass, 
resembling graphite in appearance, and like it conducts electricity, 
At does not combine either with acids or with bases. If heated in 
air for some time it absorbs oxygen, forming the binowide 
(VO, 229. 8475) a8 a black anhydrous powder, which forms salts 
with acide; they have a blue colour, and when a 








properties, as it combines with bases. 

Vanadie acid (VO, Eq. 9a'5) iv a powerfal metallic acid of = 
brownish-red colour; it is sparingly soluble in water, to which it 
communicates @. yalow tint; the solution reddens litmus strongly. At 
a red heat it fuses without further change, and crystallizes on cool- 
ing, becoming incandescent from evolution of latent heat im the act 
of solidification, It forms both neutral and acid salts; the neutral 
salts when first prepared are yellow, but in a few hours they spon- 
tancously become white. ‘The most important of these salts is the 
vanadiate of ammonia, (NH,O, VO,), from which the acid itself is 
usually obtained, Vanadiate of ammonia is procured by putting 
Picces of sal ammoniac into a crude solution of vanadiate of potash, 
such as is prepared by the deflagration of vanadium slag with 
nitre, after the excess of alkali has been neutralized with hydro« 
chloric acid: the yanadiate of ammonia is insoluble in a saturated 
solution of chloride of ammonium, and is gradually deposited in 
*mall crystalline graina. Cold water dissolves it sparingly, but it is 
much more soluble in hot water: when heated in the open air the 
@mumonia is expelled, and pure yanadic acid is left. The bivana- 
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CHARACTERS OF THE COMPOUNDS OF VANADIUM. ‘949 


diate of ammonia yields crystals of nn orange colour. If mixed with 
tincture of galls, these salts give a deep black liquid, which preserves 
its blackness even when much diluted: it forms the best 

ink yet known, as it is not destroyed either by acids, which turn it 
blue, or by alkalies, or by chlorine. 

Vanadie acid appears to combine in different proportions with 
the inferior oxides of the metal, forming compounds which are 
either of a green or purple colour. It also combines with many 
acids in definite proportions, furming compound acids which often 
crystallize with facility. 

‘The affinity of vanadium for sulphur is but small, It com- 
bines with it in two proportions, VS,, and VS,. | 

A Bichloride of Vanadium (VCl,) may be obtained of a blue 
colour; and « derchioride (VCl,), which is 1 yellow volatile liquid, 
is obtained by heating a mixture of yanadic acid and charcoal, in 
a current of chlorine. Bromides, iodides, fluorides, and cyanides 
of vanadium have also been formed. 

(701) Cuanacrers op THE Compounns or Vanaprom.—t1. The 
vanadiates when boiled with either aleohol, or sugar and sulphuric 
acid, give a beautiful blue solution which distinguishes them from the 
chromates, which under these circumstances furnish a green liquid. 
Before the blowpipe with borax, the vanadiates give a green glass, 
which becomes yellow in the oxidating flame. 

2. The salts of the Linowicle of vanadium give a black colour with 
tincture of galls, and a grey precipitate with the alkalies, becoming 
red by exposure to the sir. Ferrocyanide of polation gives a 
yellow precipitate which becomes green when exposed to the air. 
The alkaline sulphides give a brownish-black precipitate, readily 
soluble in excess, and forming a magnificent purple liquid. 


§ VIL Axrinoxy. 


Symbol Sb; Equivalent 129. Specifie Gravity, 6715. 


(702) Astiaowy is a brilliant blnish-white metal, of a flaky, 
crystalline texture, and so brittle that it may readily be reduced to 
powder, It fuses at about 840° F., and by slow cooling may 
be obtained in rhombohedral crystals, which, according to Mits- 
cherlich, are isomorphous with thoee of arsenic. The commercial 
cakes of the metal exhibit upon their upper surface a beautiful 
penniform crystalline structure. At a bright red heat it is vola- 

| tilized slowly ; the operation is facilitated by transmitting a current 
| of hydrogen orer it. Antimony is an inferior conductor of heat and 
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PURIVICATION OF ANTIMONY. 951 


ofantimony. It is stated that nearly 20 per cent. of the metal 
ds lost during this operation. ‘The roasted mass is now mixed with 
about } of its weight of powdered charcoal, made into a pnste with 
4 strong solution of carbonate of soda, and heated in crucibles to 
bright redness; the metal collects at the bottom; above it is 
a scorin consisting hielly of a double sulphide of sodium aud 
antimony. ‘This scoria is known in the arts as the crocus of 
antimony. The metal is remelted with the scoria, and is then fit 
for sale. 100 parts of sulphide yield about 44 parts of metallic 
antimony, so that in the whole process about } of the antimony 
are lost. 

On the small scale the metal is most easily procured by taking 
4 parts of the powdered eulphide, 3 of crude tartar, and 14 of nitre, 
mixing them intimately, and throwing the powder in small por- 
tions at a time into a crucible kept at a bright red heat. The 
sulphur is oxidized by the nitre, and the metal melts and collects 
at the bottom. 

Tn order to obtain antimony free from arsenic, Wéhler mixes 
intimately 4 parts of finely powdered commercial antimony with 5 
of nitrate of soda, and 2 of anhydrous carbonate of soda. The 
mixture is heated to redness ina Hessian crucible, and the antimony 
burns quietly at the expense of the oxygen of the nitrate. After the 
detlagention is complete the crucible is covered, and the mass 
ia kept for half an hour at a temperature sufficient to soften but 
not to fuse it, from time to time pressing it down with an iron 
spatula, It is removed from the crucible by means of a spatula, 
whilst still in a pasty condition, then pulverized and thrown into 
Doiling water: the solution contains the arscninte of soda, whilst the 
greater part of the antimoniate of the alkali remains undissolved, 
and is well washed with boiling water. From this antimoniateof soda 
the metal is extracted by melting it with half ite weight of tartar. 

‘The product thus obtained is an alloy of antimony with potas 
sium: itis broken into small pieces and thrown into water; n copious 
disengagement of bydrogen takes place, the potassiam is oxidised 
and dissolved, and the alloy falls to powder. It still retains iron, 
and, perhaps, lead, . One-third of the mass is converted into oxide by 
means of nitric acid ; this oxide is well washed with water, dried, 
and then incorporated with the powdered metal; the mass is 
again melted in a covered crucible, and pure antimony is obtained 
Denoath a layer of fused oxide, which retains the oxides of iron 
and lead, 

(704) Oxides of Antimony.—Antimony forms three well-marked 
































ANTIMONIC AND METANTIMONIC ActDs. 953 


white powder (SbO,, 4110), which reddens litmus, and is freely 
soluble in cold solutions of the alkalies, and in hydrochloric 
acid. Fremy states that antimonic acid may, like peroxide of tin, 
be obtained in two modifications, which combine with different | 
amounts of base, and form distinct classes of salts: to one of theac | 
modifications he gives the term antimonic acid; its neutral salt | 
with potash has the formula (KO, ShO, +5 aq) : the other modifica- | 
tion he terms metantimonic acid. To the neutral potash salt of | 
this acid he assigns the formula (zKO, SbO,). | 
According to Fremy, antimonie acid is monobasic, but it | 
is capable of forming both acid and neutral salts, Neutral anti- | 
moniate of potash may be procured by heating 1 part of metallic | 
antimony with 4 parts of nitre in an earthen crucible, The white 
mass so obtained is powdered, and washed with warm water, to re- | 
move the excess of potash and nitrite of potash. ‘The residue must 
be boiled with water for an hour or two ; the insoluble 
antimoniate ix thus converted into a soluble modification with 5 
equivalents of water. The insoluble residue now consists chiefly | 
of biantimoniate of potash. ‘The neutral salt possesses the pro- 
perty of frecly dissolving the biantimoniate, which is precipitated 
When auch a solution is mixed with any neutral salt of oue of the 
alkalies. The neutral antimoniate does not erystallize, but forms a 
gummy mass, which has an alkaline reaction ; it is readily decom. 
posed by acids, depositing the binntimoniate. When heated to 
320” it loses 2 equivalents of water, and becomes insoluble, 
Bianlimoniate of Potash (KO, 2SbO,) is obtained by trans- | 
mitting a current of carbonic acid through a solution of the neutral 
antimoniate, It is soluble in a hot solution of the neutral antimo- 
iate, and is deposited in crystals as the liquid cools. 
If antimonic acid be heated with oxide of lead it combines 
with it and yields a yellow compound, which is used as a pigment 
under the name of Naples yellow. 
(706) Metantimonic Acid (2 HO, 8bO;).—This compound 
derives its principal interest from the circumstance of its yielding 
2 soluble compound with potash, which may be employed ns a test 
for soda. The dimetantimoniate of potash (KO,HO, SbO,+6 aq) 
ix the salt which is used for this purpose, Tn order to prepare 
this compound, anhydrous neutral antimoniate of potash is 
to be first formed by deflagrating antimony with nitre, washing 
and boiling the residue in the manner already deseribed, so as to 
bring the whole of the neutral antimoniate into solution. This 
liquid is then to be filtered and evaporated to a syrupy consistence 
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acid. They are termed sulphur acids by Borzelins, as they 
combine with the sulphides of the alkaline metals, and form 
definite salts. 

Tersulphide of Antimany (Sb3,), Eq. 177, Sp. Gr. 4°6—This 
substance constitutes the only ore from which the metal is obs 
tained. ‘This native sulphide is usually found in granite or slate 
rocks, and generally contains lead and nreenic, besides a variable 
amount of pyrites, Tt occurs crystallized in 4-sided prisms, which 
have a bluish-black colour, and a strong metallic lustre. It is 
friable, and melts below a red heat, crystallizing as it cools. Tt 
may be distilled unchanged in close vessels, at n very high tem~ 
perature, but by roasting in the open air it is converted into a 
fusible mixture of teroxide and tersulphide of antimony. ‘This 
oxysulphide when fused forms the commercial glass of antimony, 
which contains about 8 parts of the oxide of antimony to 1 of sule 
phide. If the oxide be m excess, the glass is transparent, and of 
& fine red colour; the greater the proportion of the sulphide, the 
darker is the tint, The glass attacks the silica of the crucible in 
which the fusion is performed, and dissolves a considerable portion 
of it. A native oxysulphide of antimony occurs crystallized in 
oblique rhombic prisms (SbO,+2 SbS,): it has received the 
name of red antimony ore. 

‘The tersulphide of antimony may be obtained in crystala by 
melting together, at a red heat, a mixture of sulphur and teroxide 
of antimony; sulphurous acid escapes, and the tersulphide is 
formed, thus: 2 (SbO,)+9S=2(SbS,) + 380,. 

The tersulphide may also be obtained asa hydrate of a beautiful 
orange colour, by transmitting sulphuretted hydrogen through a 
solution of any salt of the metal: it parts with its water on being 
heated, and then assumes a dark metallic appearance, resembling 
that of the native sulphide. The sulphide, whether artificial or 
native, is dissolved by hot hydrochloric acid, and furnishes a 
convenient source of pure sulphuretted hydrogen, provided that 
the gas be washed, to free it from traces of antimony and hydro- 
ehloric acid, which it is apt to retain in suspension. 

Tersulphide of antimony is readily soluble in the sulphides of 
the alkaline metals, and forms colourless compounds ; a hot solution 
of the alkaline sulphide can dissolve much more of the sulphide of 
antimony than it can retain when cold ; on the addition of an acid 
the alkaline sulphide is decomposed, and the sulphide of antimony | 
is reprecipitated. If sulphide of antimony be boiled with carbo- 
nate of potash, or with caustic potash, it is dissolved ; the filtered 
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parts of an intimate mixture of 8 parts of corrosive sublimate with 
3 of powdered metallic antimony ; it pusses over in the form of a 
volatile, fusible, erystallizable compound, which is deliquescent, 
and powerfully corrosive in its action on animal tissues; calomel, 
terchloride of antimony, and an amalgam of antimony are formed ; 
2 Sb+4 HgCl=SbCl, +SbHg.+ Hg,Cl. Terchloride of antimony 
may be more cheaply prepared by mixing sulphate of antimony with 
twice its weight of chloride of sodium, and then distilling the mix- 
ture. It may also be obtained by distilling the residue left on dis- 
solving sulphide of antimony in hydrochloric acid. ‘The terchloride 
of antimony is soluble in hydrochloric acid, and in a small quantity 
of water; but if thrown into a large mass of water an insoluble oxy- 
chloride falls, which gradually assumes a compact eryetalline form, 
consisting of (2 ShO,+SbCl); it was formerly called powder of alga~ 
roth. On diluting a hot solution of chloride of antimony in hydro- 
chloric acid with hot water, it deposits, on cooling, brilliant needles, 
which may be represented as (SbCl +5 SbO,); by heat, the chlo- 
ride is sublimed, leaving the oxide, Chloride of antimony is used 
for bronzing gun-barrels, in order to prevent them from rusting. 

Perchloride of Antimony (SbCl, Eq. 30675) is prepared by ex- 
posing powdered antimony, gently heated in a retort, to a eurrent 
of dry chlorine in excess. Tt forms a volatile, colourless liquid, 
which emits suffocating white fumes when exposed to’ the air, 
With a small quantity of water it forms white deliquescent erystals; 
but it is decomposed by a large quantity of water, and antimonic 
acid, which retains a little hydrochloric acid, is deposited. Dry 
perchloride of antimony absorbs sulphuretted hydrogen, and forms 
with it a white crystalline fusible solid (SbClyS,) which corresponds 
in composition to the chlorosulphide of phosphorus, 





(710) Caanscrens or tHe Comrounps or Axtimony.—Ac- 
cording to M. Peligot (Ann. de Chimie, IIT, xx. 297) teroxide of 
antimony forms salts which contain 1, 2, or 4 equivalents of acid. 
Most of them when largely diluted with water become milky from 
the deposition of a subsalt of sparing solubility, but this milkiness 
disappears on the addition of tartaric acid, or of bitartrate of potash, 
‘They are all of them colourless, and when taken internally in large 
doses, produce poisonous effects. Infusion of cinchona bark yields 
% copious insoluble precipitate with antimonial salts, and it has 
been recommended to exhibit this medicine in cases of poisoning 
with antimony: it is not however to be relied on. 

‘The characteristic reaction of these ealts when in solution is the 
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acid, in order to prevent loss of antimony as antimonuretted hydro- 
gen, ‘The two metals are then precipitated together by means of 
metallic zine, and the pulverulent metals are weighed. This pre- 
cipitate is redissolved in wenk aqua regia, and is digested at a gentle 
heat upon a bar of tin, which throws down antimony only. The 
Precipitated metal is collected, washed, dricd, and weighed. 


§ VILL. Anseyic. 
Symbol, As; Equivalent, 75; Sp. Gr, from 5.70 to §°959. 


(712) Ansmxio, in various states of combination, was known 
to mankind before the Christian cra. This element presents many 
analogies with phosphorus, and it is considered by several Freneh 
writers to belong to the non-metallic elements. Tt, however, 
conducts electricity with facility, and possesses a high metallic 
lustre. 


Avsenic generally occurs in the form of an alloy with some 
other metal, especially with iron, or with cobalt, nickel, copper, or 
tin, Tt is found occasionally in the native state, and it is sometimes: 
met with united with oxygen combined as arsenic acid with other 
oxides, constituting arseniates, such aa those of iron, copper, and 
lead. More rarely it occurs united with sulphur, either as the red 
bisulphide (realgar), or as orpiment, the yellow tersulphide. 

‘The greater part of the arsenic of commerce is prepared from 
mispickel, au arsenical sulphide of iron, furnished abundantly by 
the Silesian mines, and from the arsenides of nickel and cobalt, 
which yield arsenious acid as a secondary product in the ontinary 
process of working these oree. ‘The separation of the arscnic is 
effected by roasting the mineral in a manner similar to that em- 
ployed for driving off sulphur; but the arsenious acid which is 
produced, being less volatile, more valuable, and more deleterious, 
is condensed in large chambers, through which the flues from the 
furnaces pass. ‘The emptying of these chambers, which is per- 
formed about once in six weeks, is an operation attended with 
danger to the workmen, from the poisonous and irritating nature 
of the fincly powdered arsenious acid. In order in some degree 
to protect the men whilst thus engaged, they are cased in leather, 
with glazed apertures for the eyes, and are made to cover their 
mouths and nostrils with damp cloths, which arrest most of the 
acrid particles, Much of the acid obtained from these chambers 
is in the form of a fine powder ; it is still very impure, and it is 
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ARSENIOUS ACID, 901 


transparent variety is dissolved in this acid, the formation-of cach 
erystal is marked by the emission of a flash of light which 
ceptible in a darkened room. The opaque variety as it 

from its solution, exhibits no such phenomenon, Hot solution of 
ammonia also freely dissolves arsenious acid, and deposits it in 
anhydrous octohedra of the uncombined acid on cooling, mixed 
with prismatic crystals, which Mr. Bloxam found to be bibasic 
arsenite of ammonia. Guibourt found the opaque variety to have 
a specific gravity of 3'6g9; it is less dense than the transparent 
form, the specific gravity of which he states to be 3°7385. The 
two varicties also differ in their solubility: according to M. Bussy, 
(Comptes Rendus, Mai 1847) water dissolves much less of the opaque 
than of the transparent acid. A cold saturated solution of the 
yitreous variety gradually deposits its excess of acid in the opaque 
form, and retains between 2 and 3 per cent. in solution; the liquid 
reddens litmus. Mere grinding to a fine powder converts the trans 
parent into the opaque variety, aid reduces its solubility. Heat, 
however, gradually reconverts the opaque into the vitreous modifica- 
tion, so that long-continued boiling renders the opaque as soluble 
a8 the vitreous form. It is therefore difficult to state the precise 
degree of solubility of either form of the acid, as the two varieties 
are liable to be formed in varying proportion in the course of aa 
experiment, ‘The largest proportion which water will disiolve at 
the boiling point is between 11 and 12 per cent. 

Arsenious acid, when heated to 380°, softens and is sublimed 
without fasing, being condensed in transparent octohedra upon 
warm surfaces, but it occasionally forms Jong prismatic needles 
isomorphous with those of oxide of antimony. Its vapour is without 
odour; it is colourless, and of ap. gr. 13°85; it contains 1 volume 
of vapour of arsenic and 3 of oxygen, condeneed into 1 volume, 

Arsenious acid appears to be bibasic; it combines with potash 
and soda, and forms with them soluble compounds which do not 
crystallize. The arscuites of the earths (particularly arsenite of 
Time) are nearly insoluble in water, but are readily dissolved by 
acids. Arsenite of potash has been used medicinally for many 
years under the name of Fowler’s solution, Arsenite of copper is 
in a commercial point of view the most important of these sal 
it is of uw delicate and beautiful green colour, constituting the pig- 
ment sold under the name of ScAeele's green. The Schweinfurth 
green which is also used’ largely as a pigment, is a double salt of 
‘arsenite and asetate of copper, 3(CuO, AsO,) + (CuO, C/H,O,), made 

by mixing equal parts of arsenious acid and acetate of copper, in 
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SULPHIDES OF AREENTC. 963 
—This sihetaie errocaaioenl pate native i ruby-red pris. 


1 equivalent of arsenic and 2 of sulphur: or; 2 equivalents of 
arsenious acid with 7 of sulphur; in the latter case 3 equiva- 
Tents of sulphurous acid are expelled, and 2 equivalents of realgar 
are formed; 2 AsO, +7 $= AsS, +380, When heated in 
closed vessels, realgar melts and afterwards is sublimed unchanged. 
The sublimed mass is hard, brittle, transparent, and of a beautiful 
red colour, Caustic potash decomposes it, leaving « brown subsul- 
phide of arsenic (Aa,8) undissolved. Realgar is one of the ingre- 
dients of tohite Indian fire, which is often used as a signal light: 
it in composed of a mixture of 7 parts of sulphur, 2 of realgar, 
and 24 of nitre. 

Tersulphide of Arsenic or Orpiment (AsS,),-Ey. 123; Sp. Gr. 
3°48).—Orpiment is occasionally found native in crystals which 
have the same form as those of realgar—vis., the oblique rhombie 
prism: these crystals are flexible; they have a yellow colour and 
a brilliant lustre. It may be prepared artificially by transmitting 
@ current of sulphuretted hydrogen through a solution of arsenious 
acid, or of any of the arsenites in hydrochloric acid. It falls as a 
brilliant yellow amorphous powder, If the solution be very dilute, 
part of the sulphide is retained in solution, forming a yellow liquid ; 
hy exposure to the air the excess of sulphuretted hydrogen escapes, 
and the sulphide is gradually and completely deposited. 

‘Tersulphide of arsenic is insoluble in water and in dilate acids, 
but it is decomposed by nitric acid and aqua regin. It fuses 
easily, and when heated in air burns with a pale blue flame, Tn 
close vessels it is sublimed unchanged. Ammonia and the fixed al- 
Kalies dissolve it, and form colourless solutions. Hydrosulphate 
of ammonia and the sulphides of the alkuline metals in solution 
also dissolve it easily, and form double sulphides which are decom 
posed on the addition of an acid. Orpiment is the colouring 
ingredient in the pigment called King's yellow, which is a mixture 
of arsenious acid with this sulphide. 

Pentasulphide of Arsenic (AsS, Eq. 155), ot Sulpharsenic acid, 
‘as it is sometimes called, corresponds in composition to arsenic acid. 
At is prepared by transmitting a stream of sulphuretted hydrogen 
through a solution of arsenic acid ; a yellow precipitate resembling 
‘orpiment in appearance, very gradually separates. Upon the ap. 
plication of heat, the pentasulphide fuses und forms a redilinh= 
yellow glassy substance as it cools; it may be sublimed in close 
vessels. It is soluble in the alkalies, decomposes the carbonates 

effervescence if boiled with their solutions, and forms crystal- 
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CHARACTERS OF THE COMPOUNDS OF AmSUNIC, 965. 


' 
(717) Terchloride of Arsenic (AsCl,), Eq. 181.5; Sp. Gr. of 1 
vapour 6-3.—Only one compound of arsenic with chlorine is known. 
_ It is produced either hy the combustion of the metal in ehlorine, 

or still better by distilling a mixture of 1 part of arseuicum and 6 

of corrosive sublimate; it condenses, as a heavy, colourless, oily 

looking liquid, which remains liquid at —20° F., and boils at 

270° F.; it fumes when exposed to the air, and is immediately de- 

composed by water into arsenious and hydrochloric acids, The 

Teriodide of Arsenic (Asls, Ey. 456), may be prepared by subliming 

a mixture of 3 parts of iodine and 1 of the metal in a flask; it 

forme brick-red brilliant flakes. It may also be obtained by 

digesting 3 parts of powdered arsenic and 10 of iodine in 100 of 

water ; the clear liquid yields red hydrated crystals on evaporation, 

which become anhydrous when heated to their fusing point: it is 

soluble in aleohol. A ¢erbromide may be formed by analogous 

means; it is a crystalline solid at all temperatures below 68° P. 

The terfluoride may be prepared by distilling 5 parts of fluor spar, | 

mixed with 4 of areenious acid and 16 of concentrated sulphuric 

acid. It is a fuming colourless liquid, which rapidly corrodes 

glass, and is decomposed by water. 


(718) Caaractrrs or rae Comrounns or Ansensc.—Arsenic © | 
forms, with most of the metals, alloys which are generally brittle 
and easily fusible, The compounds of this metal are all highly poi- 
sonous; the substance which has the best claim to be considered 
as an antidote to it is the freshly precipitated hydrated oxide of 
iron, which should be suspended in water, and given freely, as 
early as possible after the exhibition of the poison, It is only 
applicable when arsenic or arsenious acids have becn taken, as it 
forms an insoluble arseniate of iron; the arsenious acid being par 
tially oxidized by the excess of hydrated peroxide, which ix thereby 
reduced to the form of protoxide of iron. Calcined magnesia may 
be used if the oxide of iron be not at hand. In cases of arsenical 
poisoning, putrefuction of the body after death is retarded in a 
remarkable degree ; indeed, in several instances where the body 
has been disinterred scveral montha after death, it has been found 
to have been sufficiently preserved from decay to allow many of the 
principal viscera to be distinguished. In these cases it has not | 
unfrequently happened that yellow patches of sulphide of arsenic: 
have been observed in various parts of the alimentary canal, although 
it has been ascertained that the poison had been swallowed in the 
form of arsenious acid. These patches of orpiment are occasioned 
by the disengagement of sulphuretted hydrogen from the decompo+ 
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‘THES FOR ARSENIC IN Cases OF TorsoNING BY It, 967 
ammonia-nitrate of silver, and this precipitate also is soluble both 
in nitric acid and ammonia, a second test should be tried—viz., 
the ammonia-sulphate of copper, which is prepared from a solution 
of sulphate of copper, by the addition of ammonia, with the same 
precautions as those prescribed for the preparation of the silver test, 
Tn neutral solutions containing arsenions acid, this copper test 
occasions a green precipitate consisting of arsenite of copper: it 
is soluble both in ammonia and in acids, The arsenites of silver 
and of copper are formed immediately that the tests are added; 
the sulphide of arsenic does not appear at first if the quantity of 
arsenious acid be emall, as the compounds of arsenic are decom. 
posed by hydrosulphuric acid more slowly than those of any other 
metal whicl is precipitable by this 

(749) Search for Arsenic in Organic Mixtures.—In the greater 
number of cases, however, where the search for arsenic becomes im- 
portant, it is mixed with articles of dict, with the contents of the 
stomach, or with other matters of organic origin, which render pre- 
liminary measures needful in order to get rid of them. If the sub- 
stance be in the liquid form, any sediment which it may contain 
must be examined for solid particles of undissolved arsenious acid, 
which are frequently found, and to which the preceding tests are 
readily applied, If any solid particles of arscnious acid be found, 
their reduction is eaaily effected by drawing off a tube to the thick- 
ness of a crowquill, sealing one end, dropping in the suspected 
fragment, adding a minute quantity of dried carbonate of soda, and 
then « few small fragments of charcoal ; upon ignition, the metal is 
sublimed, and is recognised by the abeal-grey sing which it forms in 
the cool portion of the tube. If no solid particles of the acid be 
visible, the liquid is boiled and filtered and divided into three 
portions, one of which is set aside in case of accident. 

A second portion is submitted to Reinsch's lest; it is for this 
purpose acidulated with hydrochloric acid, and boiled with bright 
tlips of copper foil for half an hour. If any arsenical compound 
be present, the metal will be reduced upon the surface of the 
copper foil. The copper is then withdrawn from the liquid, washed, 
ried at 212°, and introduced into a narrow glass tube (about 
the diameter of a quill), and is then heated nearly to reduess; the 
arsenic combines with oxygen derived from the air in the tube, and 
ia condensed in beautiful transparent octohedra of arsenious acid 
‘on the cool part of the tabe. ‘The same experiment must be first 
tried with the copper and hydrochloric acid employed alone, in 
order to ascertain their purity, before employing them as tests. 
The third portion of the liquid is subjected to Marsh's 














SKAMCH POR ARSENIC IN SUSPECTED POISONING. 969 


ances on the tube and on the porcelain resembling those of arsenic, 
‘The antimonial spots immediately disappear when a drop of hydro- 
sulphate of ammonia, in which a little sulphur is dissolved, is added, 
and the solution, by its spontancous evaporation, leaves the 
orange hydrated sulphide of antimony; but the arsenical crusts are 
scarcely acted on by the hydrosulphate (Dr. Guy) ; a drop of a dilute 
solution of chloride of lime, on the other hand, immediately removes 
the arsenical spot, but is without action on that produced by anti- 
mony. ‘The chief practical difficulty in the use of Marsh’s test, 
arises from the inconvenient way in which liquids containing organic 
matter frequently froth up during the operation. The best method 
| of preventing this consists in first boiling the suspected liquid with 
about a tenth of its bulk of hydrochloric acid, and adding a small 
| quantity of chlorate of potash ; the organic matter is thus destroyed, 
and after the liquid has become cool, it may be safely added to 
the zine and sulphuric ncid in the apparatus, Marsh’s test is 
one of extraordinary delicacy, and the results are easily and quickly 
attained. The process by sulphuretted hydrogen and subsequent 
reduction is also extremely delicate, and open to no objection except 
‘tho length of time required. Reinsch’s tost is easy of application, 
but is not quite so delicate as the other two, The arsenical crusts 
deposited in the ylass tube, are readily sublimed by a gentle heat, 
and may be converted into arsenious acid, which forms brilliant 
minute octohedral crystals, and these again may be subjected to 
the test of the ammonia-nitrate of silver. 

Although it may not be possible to detect arsenic in the fluids 
submitted to examination, it not unfrequently happens that the 
couts of the stomach, and sometimes the liver, will yet contain the 
poison in suflicient quantity to render its identification practicable. 
The best mode of proceeding in this ease consists in eutting up the 
organ into shrede, heating it with an equal weight of hydrochlorie 
acid, the snixture: being diluted with water till it becomes of the 
consistence of a thin paste. Small portions of chlorate of potash 
are added from time to time until a homogeneous yellow liquid is 
obtained ; when cold it is filtered through linen, the residue well 
washed, and the clear liquid is concentrated by evaporation (Frese- 
nius and Babo). It is then fit for trial in Marsh's apparatus. Many 
other tests have been proposed, but they are superfluous, and only 
tend to introduce an unnecessary complication into the subject. 

(720) Estimation of Arsenic.—It is not enay to ascertain 
‘accurately the quantity of arsenic present.in a compound by an 
analysis; the best plan is one similar to that already directed to be 

| adopted in the case of the quantitative determination of antimony, 
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TELLUROUS AND TELLURIC ActDS, orl 


bismuth, copper, or lead; it is usually also accompanicd by small 
quantities of arsenic and selenium. Its most common ore is the 
Dlack foliated tellurium ore of Nagyag, which contains about 13 per 
cent. of tellariam in the form of tellurides of gold, lead, and silver, 
mixed with sulphides of antimony and lead, The process of its puri- 
fication is tedious and difficult ; for particulars the reader is referred 
to the Lehrbuch of Beraclins (Gorman Edition, 1844, vol. ii. p. 229). 
‘Tellurium forms two oxides, both possessed of feeble acid charactors. 
They correspond in composition to sulphurous and sulphuric acid. 

(722) Tellurous Acid (TeO,) Ey. 80.—Tellurium is readily 
dissolved by nitric acid of specific gravity 125, If the solution 
be poured into water immediately, a white bulky hydrated tellu- 
yous acid subsides, It is slightly soluble in water, roddons litmus, 
and combines with the alkaline bases ; these compounds are soluble, 
‘Telinrous acid has a bitter metallic taste: it may be obtained in 
the anhydrous form, by gently heating the hydrate, or by boiling 
the nitric acid solution, when it is deposited in crystalline needles, 
which are very slightly soluble in water, The anhydrous acid 
fases easily, forming a transparent glass, which is yellow while hot, 
but becomes white and crystalline on cooling. ‘Telluxous acid 
possesses considerable volatility : if fused with potash it combines 
with it. Tt also combines with the acids like many of the metallic 
oxides which have acid properties. These sults have « metallic 
taste, und are said to act powerfully as emetics. Its acid cha- 
racter is very feeble, and its basic property is not more strongly 
marked : its sults with oxalic and tartaric acid are soluble. All the 
soluble salts in which this oxide acts as a base are decomposed if 
mixed with hydrochloric acid, and heated with sulphurous acid : 
reduced tellurium is precipitated under these circumstances. With 
sulphuretted hydrogen a black sulphide of tellurium is produced. 

Telluric Acid (Tex, Eq. 88) is obtained by gently heating tellu- 
rium or tellurous acid with nitre. A tellurate of potash is formed, 
from which the acid is transferred to baryta, and the baryta is sepa- 
rated by sulphuric acid. It erystallizes in striated hexagonal priame, 
which have a nauseous metallic taste; they exert bat a feeble 
action on litmus. ‘These crystals are composed of TeO,, 3 HO. If 
heated nearly to redness they become anhydrous, and then assume 
‘an orange-yellow colour. In this form telluric acid is completely 
incoluble in water, or in nitric or hydrochloric acids, or in alkaline 
solutions. Telluric acid has but a feeble affinity for bases, but it 
forms salts which contain 1, 2, and 4 equivalents of the acid. 
When the acid or any of its salts are heated to redness, tellurous 
acid is formed under disengagement of oxygen. 
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water. A sparingly soluble subnitrate of bismuth is 
Itis washed, dried, and reduced by ignition naa ee 
of charcoal, in a crucible ; pure bismuth collects at the bottom, 

Bismuth is a hard, brittle metal, of a reddish-white colour; it 
fuses at 507° F., and expands considerably at the moment of con- 
gelation: when pure it may be obtained by slow cooling after 
fusion (69) crystallized in large cubes, which are frequently hollow. 
Marchand and Scherer found that the density of bismuth was dimi- 
nished by powerful compression 5 they thus reduced it from 9'799 to 

9556, owing to the formation of minute internal fissures. 
Bismuth is slightly volatile when strongly heated. Tt is rapidly 
oxidized if exposed to the air at a high temperature; boiling 
sulphuric acid oxidizes it with evolution of sulphurous acid; but 
its proper solvent is nitric acid, which oxidizes and dissolves it 
rapidly. 

The uses of bismuth are but limited; it is occasionally em- 
ployed instead of lead in cupellation: some of its compounds are 
used a8 pigments, and the subnitmte is employed medicinally. Its 
most remarkable alloy is that known as fusible metal. This is 
composed of 2 parts of bismuth, 1 of lend, and 1 of tin, or 1 
equivalent of bismuth, 1 of lead, and 2 of tin. The mixture fuses 
a little below 212°: passing through a pasty condition previous to 
complete fusion. According to Erman it dilates in an anomalous 
manner, when exposed to heat; he states that it expands regularly 
from 32° to 95°, then contracts gradually to 131°, at which point 
it oceupies a less bulk than it did at 32°; it then expands rapidly 
till it reaches 176°, and from that point till it melts its expansion 
is uniform. This faculty of exponding as it cools, while still in the 
soft state, renders the alloy very valuable to the die sinker, as he is 
able by thia means to test the perfection of his die with the greatest 
accuracy, every line being faithfully reproduced on taking a cast. 

Bismuth increases the fusibility of those metals with which it 
is alloyed, to a very remarkable extent, 

(726) Oxides of Birmuth.— Bismuth forms .two principal 
oxides, a teroxide (BiO,), and an acid oxide (BiO,); besides this 
there is a compound oxide (BiO,, BiO,), formed by the union of 
the two preceding combinations. 

Terowide of Bismuth (BiO,), Eq. 237, Sp. Gr. 8:211—Thie 
compound may be obtained in the anhydrous form, by beating the 
nitrate or the subnitrate of the metal to low redness. Tt is a 
yellow, insoluble powder, which fuses at a red heat, and is casily 
reduced to a metallic state by heating it with charcoal. A white 
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eral get rage sary Se NEL 
+9 HO, sp. gr.2°376. Tf the solution be largely diluted with 
water, a subnitrate falls, composed of (9 HO, ig Soaks BiO,), 
(Becker), called by the old writers magistery of bismuti 


(728) Cuanscrens ov tam Sarre or Bismera.—Bismuth pro- 
sents churacters in solution less marked than many metals. Its salts 
havean acid reaction ; and its solutions when diluted become milky 
from the formation of sparingly soluble subsalts, unless a large excess 
of acid be present. Iron, zinc, copper, and tin throw down bismuth 
from its solutions in the metallic state. The alkalies givea white preci- 
pitate of the hydrated oxide, which is insoluble in excess of the pre- 
cipitant, and becomes yellow by boiling it with the liquid. Solutions 
of the carbonates, phosphates, tartrates and ferrocyanides give white 
precipitates with its ealte, Sulphuretted hydrogen throws down a 
black sulphide, which is insoluble in bydrosulpbate of ammonia, 
Chromate of potash gives a yellow precipitate of chromate of bise 
muth. Before the blowpipe its salts are casily reduced, and yield a 
brittle bead of bismuth,nround which the yellow oxide deposits itself, 

(729) Estimation of Bismuth.—Bismuth is estimated in the 
form of the teroxide, 100 parts of which correspond to 89°86 of 
the metal, Carbonate of ammonia is its best precipitant, but the 
solution must not contain any chloride or hydrochloric acid, as an 
oxychloride of bismuth would in that case be precipitated, and 
part of the bismuth would be yolatilized with the chlorine on 
ignition ; the metal must in such a case be precipitated as sul- 
phide. Tt may be separated from the alkalies, from titanium, and 
from all the metals of the first four groups, (with the exception of 
cadmium,) by means of sulphuretted hydrogen; the solution having 
deen first acidulated with acetic acid. From tin, and from the 
metals of the fifth group, it may be separated by digesting the mixed 
sulphides (obtained by transmitting sulphuretted hydrogen through 
‘the liquid,) in hydrosulphate of ammonia, which leaves the sul- 
phide of bismuth, and dissolves the other sulphides. ‘The sulphide 
must be dissolved in nitric acid, and precipitated by carbonate of 
ammonia, which after standing for a few hours throws down the 
whele of the bismuth in the form of carbonate; it must be ignited 
in a poreelain crucible; the carbonic acid is thus expelled, and 
the teroxide of bismuth remains, 

Bismuth may be separated from cadmium by the addition of 
ammonia in excess to the solution of the sulphides in nitrie acid ; the 
cadmium is retained in solution, whilst te Menai posite 
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CALCINING THE ORB, 


many other operations, is simple, though the working details 
appear complicated.* The principal operations may, however, be 
Seranereted an fellowes 

1, Calcining the ore. 

2. Melting and granulating for coarse metal. 

3: Calcination of the coarse metal, 

4. Melting for fine metal. 

5 Roasting of the fine metal. 

6, Refining and toughening. 
Wo. shall make a fow remarks upon ‘cash of \thesc ‘processes it 
succession. 

(732) 1. Caleining the Ore—The calcination is conducted in 
lange reverberatory furnaces, upon quantities of about 3 tons at » 
time ; the heat is moderate, so as to avoid fusing the mass, which is 
spread evenly over the floor of the furnace, and stirred at intervals 
of 2 hours; this roasting is continued for 12 hours, at the end 
of which time the mass is converted into a black powder con- 
taining sulphide of copper, oxide and undecomposed sulphide of 
iron, and carthy impurities. Oxygen has a stronger affinity for 
iron than for copper, whilst the affinity of sulphur for copper 
is greater than for iron; and the effect of the roasting is seen 
in the production of oxide of iron and sulphurous acid, whilst 
the sulphide of copper remains unacted upon, During this and 
the subsequent processes, abundant white deleterious fumes are 
given off, containing arscnious, sulphurous, sulphuric, and hydro~ 
fluorie acids, and « certain portion of metallic arsenic. These 
fumes hang like a dense canopy over the smelting works and 
their vicinity; the cloud of copper smoke, as it is called, may be 
discerned at the distance of many miles. 

The calcining furnace employed in Wales is shown in 
section in fig. 309, and a plan of the hearth is exhibited in 
fig. 310. 

Aisthe fireplace; d, the bridge; cc, the hearth or roasting bed ; 
dd arc apertures in the floor, through which, by withdrawing an 
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978 CALCINING THE ORES OF COTPER. 

iron élide, the charge can be allowed to pass into the ewb, or 
vault %, when the roasting is complete; ff are the fines; gy is an 
opening for the admission of air to the hearth; a m are hoppers 
for charging the furnace, and f, a platform over which the barrows 
of ore are conveyed to the hoppers. 


Fro. 309. 





The fuel used in roasting the ore is chiefly anthracite, a coal 
which, under ordinary management, yields ‘no flame, Plame, 
however, is absolutely necessary to the proper roasting of the 
copper ore: experience has taught the copper emelter to obtain this 
desideratum by limiting the supply of air to the fuel in the fire. 
grate, thus causing the carbonic acid which is formed at the lower 
part of the fire to be converted into carbonic oxide. By a nice 
adjustment of the supply of air through g, the other apertures. of 
the furnace being closed, the carbonic oxide ie gradually burned as 
it plays over the ore upon the hearth, cc; the maximum of heat 
is thus obtained at the minimum cost of fuel, the carbonic oxide 
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being completely burned before it reaches the flue. Anadmirable 
analysis of this operation is given by M. Le Play in his claborate 
memoir on the Welsh method. of copper smelting (Annaler des 
Mines, TV., ili. 128)" 
733) Melting for Coarse Metal—The roasted ore is now 
to fusion with certain proportions of slag, the produce of 
a subsequent operation, of siliceous ore free from sulphur, and of 
fluor spar if neceesary: by this means the charge is converted into 
a fusible slag consisting chiefly of silicate of iron, and into sulphides 
of copper and of iron, which sink through the slag, and form what 
is termed a matt, This fusion occupies about 5 hours, each charge 
containing about 14 ton of roasted ore, The matt procured thus 
contains about 93 per cent. of copper: it is ran off while liquid 
into water, by which it is granulated, The product goes by the 
name of coarse metal, The slag which floats above the matt is 
raked out of the furnace ot a scparate aperture, It ought to con- 
tain no appreciable quantity of metal. 

3- Caleination of the Coarse Metal—The granulated metal ia 
again roasted for 24 hours, during which operation a large propor- 
tion of the sulphide of iron is converted into oxide, 

4. Melting for Fine Metal—A second fusion is performed upon 
this calcined matt with the addition of a portion of copper are known 
toberich in oxide of copper and in silica, and to contain little iron 
pyrites. By this means the oxide of iron is removed in the form of 
‘a freah slag of silicate of iron, and the oxygen contained in the freshly 
added oxide of copper completes the oxidation of any portion of 
sulphide of iron still remaining ; the oxide of copper and the whole 
of the sulphide of this metal being reduced to the state of disulphide 
of copper (Cu,8), or fine metal, ‘The slags from this process, and 
all the subsequent ones, arc preserved. ‘This matt contains about 
8o per cent. of copper. It is cast into pigs. ‘The lower part of 
these pigs often contain a considerable quantity of tin, and the alloy 
being the heavier, sinks to the bottom. If a very pure metal be 
required, the upper parts of the pigs are detached from the lower 


* The heat emitted during. the a mgstion of anthracite is very olan 
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the bed of a reverberatory, to a heat just short of that 

fuse them ; the metal by this means becomes | 

face, and a part of the sulphur which it still 

at last it is fused ; pratense = . 

Wen ml of ner st me er ae 

they mutually decompose each other ; sulphurous acid: 

copper are liberated ; Cu,8 +2 CuO=SO,+3 Cu. It is not desire | 

able that the temperature should be too strongly 

oxide of copper would then combine with the silica still 

the mass, and would cease to exert ite oxidizing influence. 

the charge has become liquid, ee 

therefore allowed to fall ; the melted mass solidifies upon 

fics aul an sppecranca of alan ebullidon Sa eel 

formation of sulphurous acid gas, and its efforts to escape | 

tenacious mixture: when this ceases, the desulphuration is com- 

plete, The temperature is now rendered very intense, the ox 

melts, and sinks to the bottom, and 

slag, which consists chictly of silicate of copper ; the redeced metal 

is then run off into sand moulds. ‘The ingots thus obtained, being 

fall of bubbles, are termed pimple or blistered copper. —* 
(794) Refining, or Toughening—The blistered copper now wie 

dergoes the concluding operation of refining. From to 8 tons of 

the metal are placed in a reverberatory furnace and kept in a melted 

state for upwards of 20 hours, in order to oxidate the last traces of 

foreign metals: during this process a large quantity of oxide of 

copper is formed ; part of this oxide is absorbed by the melted metal, 

and the copper, if examined at this stage, is found to be of a dull red 

colour, coarse grained and brittle, ‘To reduce this oxide, 

are skimmed off, and the surface is covered with a few 

of anthracite or of charcoal, and the metal is subjected to the pa 

cess of poling, in which the trunk of a young tree is thrust 
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this way the oxide diffused through the masa ia deprived of oxygen. 
If the poling be carried too far, the copper again becomes brittle, 
and is said to be overpoled, This defect may be remedied by ex- 
posing the surface of the melted metal to a current of air, If too 
little poling be uscd, the metal is still brittle, and it ia then said to 
be underpoled. There appears to be no doubt that the brittlences of 

copper is due to the presence of red oxide of copper in 
the metal, and Mr. Vivian has suggested that overpoled copper 
may be defective from the presence of a little carbon. Dr. Percy, 
however, was unsuccessful in the attempt to discover carbon in 
overpoled specimens. The progress of the poling, therefore, 
requires carefnl watching: the refiner tests the metal from time 
to time by dipping a small test ladle into the melted mass; a 
sample of copper is thus removed, and cooled suddenly by immer- 
sion in water: the grain of the copper is judged of by cutting 
the hammered button partially through with a chisel or shears, 
and then bending it by placing it in a vice. If properly refined, the 
broken surface will display a fibrous structure with a beautiful 
satiny lustre. If underpoled, the fracture will be granular, with 
a number of red points. If overpoled, the fibres become coarser, 
and the fracture has a strong metillie lustre, but the silky appear- 
ance is wanting, When, upon testing, the eopper appears to be fine 
grained, fibrous, and silky, of good colourand malleable, it is either 
Jadled out and cast into ingots, or is cooled suddenly at the sur- 
face, by allowing water to run upon it; rove copper is thua pro- 
duced, and successive films are thus made and removed till all the 
metal is consumed. 

‘The slags from the various operations are carefully remelted, 
and the copper which ix extracted from them is termed black 
copper; it 8 run into pigs, which are subsequently refined. 

The presence of a small quantity of tin in the refined 
copper is considered advantageous, as the toughness and tenacity of 
the metal are thereby increased. Antimony is singularly injurious; 
so emall a quantity as 10 ounces in the ton, renders copper unfit 
for making brass that is required for rolling ; and minute traces of 
nickel are also said greatly to injure the tenacity of the metal. 

(735) In the Hartz, and in many mines where the ores contain 
a large quantity of salphide of iron, and only about 4 per cent. of 
copper, the crude mineral is roasted in enormous heaps in the 
open air, These heaps are in the form of a truncated square 
pyramid, the base of which is abont 30 feet square (340). The 
roasting is a very slow operation, requiring from 5 to 6 months 
for its completion, Spring and autumn are the most favourable 
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roded with the formation of an oxychloride of copper. Finely divided 
copper ignites when touched with a glowing coal, and burns like 
tinder, being converted into the black oxide. Nitric acid oxidizes 
and dissolves the metal with rapidity. Oil of vitriol does not act 
upon it in the cold, but if heated with it, the acid is decomposed, 
sulphurous acid being evolved and oxide of copper formed, which 
woites with the excess of acid to form the sulphate. Hydro- 
chloric acid with access of air dissolves it: but if air be excluded, 
‘it has nosuch effect, The fixed alkalies have little action on copper, 
but ammonia gradually dissolves the metal if the air has access to it, 
slow oxidation taking place. Before the oxyhydrogen blowpipe it 
burns with @ green flame, and if introduced into a flame of gas or 
of spirit it communicates to it a green colour. ‘The uses to which 
copper is applied are very numerous. Vast quantities of it are 
annually consumed in the sheathing of ships, and in the mann. 
facture of boilers und of various utensil for domestic purposes. 
It also forms the basis of a number of valuable alloys in extensive 
use; with zine it forms the different varieties of brass; and with 
different proportions of tin, it forms bronze, bell-metal, gun-metal, 
and apeculum-metal (676) ; whilst its oxides and salts are largely 
employed as pigments, and furnish articles of some importance in 
the materia medica. 

(737) Brass—The combination of zine with copper has a well- 
Known yellow colour, the tint of which becomes paler im propor- 
tion as the quantity of gine is increased. A curious observation 
‘upon this point was made by Mr. D. Forbes, who found that a 
brittle crystalline alloy of a silver-white colour may be formed, con= 
taining 53°49 por cent, of zinc, and consisting of 7 equiv. of copper 
and 8 equiv. of zine; or if the quantity of zine were cithor increased 
or diminished, the alloy had the usual yellow colour of brass, 
‘The specific gravity of brass is greater than the mean of that of the 
‘metals which form it. Brass which contains 25 per cent. of zine, 
melts at 1750° F. (Daniell), and a larger proportion of zine increases 
its fusibility. By exposure to a long-sustained high temperature 
in closed vessels, the whole of the zine may be expelled, and it ix 
not possible to fuse the alloy without losing a portion of the zine, 
‘The alloys of zine and copper are malleable when cold, but are 
generally brittle when hot. An alloy prepared by Mr. Munta, 
and largely used under the name of Muntz metal for the sheath- 
ing of ships, may be rolled whilst hot: it contains 2 equivalents of 
zine to 3 of copper, or 60 per cent. of copper. Ordinary brass has 
& gp. gr. of 829; it contains about 64 per cent. of copper. Tho 
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addition of about 2 per cent. of lead im) 


ture of calamine and charcoal was substituted 
tially for metallic zine. at Seen ie ea 
prepared by melting the two metals in a reverberatory 

which enables a large quantity of the alloy to be prep 

rapidity : Teabhn pcooon ia saNtcnded vith ioc 
of zine, 

(738) Oxides of Copper-—There are. two ssliGatle patents 
copper, both of which are found in the native state; vix., the red 
oxide or dioxide Cu,0, and the black oxide CuO. Some indi- 
cations have becn obtained of the existence of a still hi; 
probably Cu,0,. 

The Diewide of Copper (Cu, ; Eq. 71°53 Sp. Gr. 366), occurs 
native, crystallized either in the octohedron, or in some of its” 
derived forms, or else in. capillary crystals ov in lamellar masses, 
‘There arc various ways of obtaining this oxide artificially ; one | 
of the best consists in boiling the dincetate of copper with 
sugar; the oxide of copper contained in the salt is thus deprived | 
of half its oxygen, and the red oxide is deposited in small octo- 
hedra, It fuses at a full red heat, By decomposing the dix 
chloride of copper with potash it is obtained as an orange 
yellow hydrate 4 CuO+aq (Mitscherlich). In this condition it 
combines with acids. A sulphite as well as a carbonate and an 
acetate of this oxide appear to exist, ‘The salts of the suboxide 
of copper are unstable, and absorb oxygen readily. Some of 
its double salts are more stable ; a double sulphile of copper 
and potash may be obtained as a yellow insoluble preci; 
mixing solutions of sulphite or of bisulphite of potash with sul 
phate of copper; part of the sulphurous acid being oxidized at the 
expense of one half of the oxygen of the black oxide of copper. 

‘The anhydrous oxide is resolved by most of the stronger 
‘acids into a salt of the black oxide, and into metallic copper, 
Nitric acid converts it into protoxide and dissolves it: hydrochloric 
acid converts it into the dichloride. Hydrated dioxide of copper 
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is soluble in solution of ammonia, forming with it a colourless 
liquid. This solution is mn extremely delicate test of the presence 
of oxygen in a gascous mixture; a mere trace of oxygen causes 
it to assume a blue tint from the formation of the black oxide of 
copper, which when dissolved in solution of ammonia has an intense 
Wine colour. The principal employment of dioxide of copper is in 
the manufacture of stained glass, to which it imparts a beautiful 
ruby or purple colour, 

(739) Black Ovide of Copper (CuO), Eq. 39°7, Sp. Gr. 6-4. 
—This oxide is a compound of considerable importance to pric 
chemist. It is employed largely as a meaus of furnishing oxygen 
to organic substances in the regulated combustion by means of 
which their composition is determined. The best process for 
obtaining the black oxide of copper consists in dissolving pure 
copper in pure nitric acid, and decomposing the resulting nitrate in 
an earthen crucible, by the application of a red heat. ‘Che water 
and the nitric acid are expelled, and the black oxide remains 
behind in a state of purity. The heat should be long continued, 
‘but not too violent; otherwise the oxide sinters together and eon- 
cretes into hard masses, which are pulverized with difficulty. A 
very pure oxide is also furnished by the decomposition of the car- 
bonate by heat; or still more simply by heating a plate of copper to 
redness in « brisk current of air, and suddenly quenching it in water, 
in which ease the oxide separates in black scales. It may be obtained 
as a hydrate of alight blue colour (CuO, 21H), from any of its salts, 
by the addition of potash in cxccas: when boiled with water it 
becomes black and anhydrous, This hydrate is soluble in ammonia, 
and gives a splendid blue coloured solution: if slips of metallic copper 
be introduced into a bottle which is filled with this liquid, and closed 
‘so as completely to exclude the air, a portion of the metal, equal 
‘to that already in solution, is dissolved, the metal deriving oxygen 
from the oxide already in solution, both portions being thus 
reduced to the state of dioxide ; Cu+Cu0=Cu,0; the colour gra- 
dually disappears, since the dioxide produces # colourless solution 
with ammonia; but the moment that air is admitted, the blue 
colour is reproduced, Black oxide of copper is soluble in oils and 
fats, so that greasy matters boiled in a copper saucepan, which is 
not kept bright, are liable to become impregnated with the metal. 
Oxide of copper combines with glass and gives it a beautiful green 
colour, The oxide is hygroscopic, particularly if ina finely divided 
‘state, and it absorba water rapidly from the air. Its oxygen cannot be 
expelled from it by mere exposure to heat, but if the oxide be plunged 
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copper ore, or Fahlerz; this mineral is essentially a quadribasic 
sulphantimonite and sulpharsenite of copper and iron: it varies eon- 
siderably in the relative proportions of its constituents, and often 
contains zine, lead, silver, and mercury, It crystallizes in forms de- 
rived from the regular tetrahedron, and in composition it corresponds 
to the geveral formula, 4 MS, NS,+4 M,S, NS, in which M 
represents the electro-positive metals, M,S being usually disul- 
phide of copper or disulphide of silver; whilst N indicates the 
electvo-negative metals, arsenic or antimony. 
‘The principal varieties of the ore are— 

1, Tennantite—A sulpharsenite of copper and iron, of 
gravity 4375, aud of a leaden-grey colour, FeS, 3 CuS, AsS,-+ 
4Cn,8, AsS,; the copper in thisore amounts to about 48 per cent, 

2 Light Grey Copper Ore.—A mixture of sulpharscnite and 
sulphantimonite of zinc, iron, copper, and silver: specific gravity, 
45 to 47 5 colour, stecl-grey. 

3- Dark Grey Copper Ore contains little or no arsenic. It is 
of an iron black colour; specific gravity, 4°7 to 4'9. ‘hia variety, 
and the one preceding it, contain from 35 to 40 per cent, of copper, 

4. Silver Fahlerz is a dark grey copper ore, rich in silvers 
specific gravity about 50. ‘The silver varies in this ore-from 1g 
‘to 30 per cent., and the copper from 14 to 25 per cent, 

A native selenide of copper is found in combination with scle- 
nide of silver. It occurs in masses of a leaden grey colour, and is 
very rare, having, hitherto, been found only in Sweden: selenide 
of copper may be formed artificially by precipitating the sulphate 
of copper by scleniuretted hydrogen, 

(742) Copper forms two chlorides, Cu,Cl, and CuCl. 

The Dichloride (Cu,Cl, Eq. 99, Sp. Gr. 7376,) is obtained by 
dissolving 4 parts of finely divided copper and 5 of the black oxide 
in hydrochloric acid ; or by boiling the chloride with sugar; or by 
digesting the chloride in close vesscls with metallic copper: the last 
is a slow process, bnt part of the dichloride is then deposited in 
transparent tetrahedra. Dichloride of copper is a white com, , 
which is insoluble in water, but soluble to some extent in hydro. 
chloric acid, with which it forms a pale brown solution: it fuses 
easily into a yellowish mass, Dichloride of copper is voluble in a 
oiling solution of chloride of potassium; and ifthe liquid be allowed 
to cool excluded from the air, octohedral crystals, composed of 
(2 KCl, Cu,C)), are deposited. When the solution in muriatic acid 

is exposed to the air, a pale bluish-green insoluble oxychloride of 
copper (CuCl, 3 CuO, 4.09) is deposited. This oxychloride is used 
jn the arte as a pigment, under the name of Brunswick green, It 
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Setar ty eepming pee ae 
chloric acid, or to a solution of sal-ammoniac in the: 

occurs native in the form of a green sand, composed of small 
thombic prisms, which is found at Atacama in Peru; it has hence 


heen called Atacamite. Sometimes itis also found massive. Other | 








oxychlorides of copper’of lees importance may nye oe 
states (CuCl, 2g. 67°2, 
(749) ( Eq. ir, Pe bce eo 


bonate in hydrochloric acid. A concentrated solution of chloride 
of copper is of a green colour, but it becomes blue on dilution, and 
when the salt is anhydrous it is liver-coloured. When heated it 
fuses, and at a red hent half its chlorine is expelled, and the 
dichloride remains; the chloride is deliquescent, and very soluble 
in alcohol, It crystallizes from its aqueous solution in green 
noedles with 2 equivalents of water, of specific gravity 2°534- 

A double chloride of copper and ammonium (H{NCI,CxCI, 2 ag) 
is obtained by mixing hot concentrated solutions of the two salts in 
the proportion of one equivalent of each, Anhydrous chloride of 
copper rapidly absorbs ammonia and forms a blue powder (CuCl, 
3 HN ; Rose), which by 2 heat of 300° loses 2 equivalents of 
ammonia, and becomes green (CuCl, HN; Kane). Graham and 
Kane regard this latter eompound as chloride of ammonium,in which 
the fourth equivalent of hydrogen has its place oceupied by copper; 
hence Graham terms it chloride of euprammonium (CaH;N,Cl). 

If ammoniacal gas be transmitted through a concentrated solu- 
tion of chloride of copper, till the precipitate at first formed is redlixe 
solved, the liquid on cooling deposits small dark blue, square prisms, 
and octohedra, (CuCl, 2 H,N, aq). 

(744) The Diniodide of copper (Cu,T, aq), is a white insoluble 
powder, which becomes yellow when heated, Tt is formed by 
pouring a mixture of 1 equivalent of protosulphate of iron and 1 of 
sulphate of copper into a solution of any iodide, 2(CuO, SOs) 4+ 
a(FeO, SO) + KI=KO, SO,+Fe,0,, 3 SO,+Cul. Sulphite of 
soda may be substituted for the sulphate of iron in this 
ment. Tt has been proposed to employ such a mixture of the two 
sulphates of iron and copper as a test for determining the quantity 
of iodine in kelp, in order to fix ite commercial value. 

The dibromide of copper is also insoluble in water, 

(745) Sulphate of Copper, Blue Vitriol (CuO,SO;+§ 29), Eg. 
99°77 +45» Sp. Gr. anhydrous 3°631, crystallized 2°19.—This salt 
is manufactured on a lorge scale, by boiling copper in anicoaaie 
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to the animal frame, producing violent and irrepressible vomiting 
and purging, followed by exhaustion and death. They form an 
insoluble compound with albumen, which ia nearly inert; raw 
whites of eggs should therefore be administered in cases of poison- 
ing suspected to be occasioned by this metal. Milk or sugar 
mixed with iron filings, by reducing the salts of copper to salts of 
the dioxide, or to the metallic state, are also valuable adjuncts. 

The salts of copper arc casily recognised when in solution. 
Potash and soda give 4 pale blue voluminous precipitate of hydrated 
subsale; an excess of the alkali does not dissolve it, but converts it 
into a blne hydrated oxide, which becomes black and anhydronswhen 
the liquid is boiled with it. If sugar or tartaric acid, or certain other 
organic substances be present, the blue precipitate is redissolved by 
‘an excess of the alkaline liquid, and forms a blue solution. Ammania 
gives a similar blue precipitate, but an excess of the alkali redis- 
solves it, forming a deep blue solution, which is very characteristic. 
The carbonates of potash and soda give a pale blue hydrated ear- 
bonate, which becomes black when boiled in the liquid. Carbonate 
of ammonia, also, gives a blue precipitate, but redissolyes it if 
added in excess, forming an intensely blue solution, Ferrocyanide 
of potassium yields a bulky brown precipitate. Sulphurettedt 
hydrogen gives even in acid solutions a brownish-black hydrated 
sulphide, ‘The two last characters distinguish the salts of copper 
from those of nickel, which also form a blue solution with ammo~ 
nia, Sulphide of copper is insoluble in ammonia, or in hydrosul- 
phate of ammonia. Another characteristic and very delicate test 
of the presence of copper is afforded by the action of a polished 
plate of iron, which, in a feebly acid solution, is speedily covered 
with a red deposit of metallic copper. Zine precipitates copper 
in the form of a black powder, which assumes a metallic lustre 
under the burnisher. If heated with soda on charcoal defore the 
Wowpipe in the reducing flame, a metallic bead of copper may 
be obtained from the salts of the metal, which may be recognised 
by its colour and its malleability. 

In cases where the presence of copper is suspected in admix- 
ture with organic matters, as in the contents of the stomach, where 
it is supposed to have acted as a poison, the material must be 
reduced to dryness, and incinerated inan earthen crucible, The 
ash is then to be treated with nitric acid, and the liquid is tested 
with ammonia, with ferrocyanide of potassium, and with a slip of 

iron. b 

‘The salts of copper have considerable tendency to form double 
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primitive rocks, and particalarly in the clay slate in Cornwall, sud 

mountain limestone in Cumberland. England and Spain furnish 
the principal supply of this metal. Small quantities of carbonate 
and phosphate of lead are frequently met with, but they are unim- 
portant as ores of the metal. Galena always contains a small 
proportion of sulphide of silver; when the mineral is found in bold 
well-characterized cubes, it is usually nearly pure. The proportion 
of silver in galena is liable to considerable variation ; a mineral 
yielding 120 ounces of silver to the ton, or 0°36 per cent., is 
considered extremely rich. 

(751) Extraction—After the lead ore has been raised to the 
surfnee, it undergoes a careful mechanical preparation, conducted 
upon the principles already explained (496), and having been thus 
freed to a great extent from its earthy impurities, it is ready for 
smelting. 

If the galena be tolerably free from siliceous gangue, this 
operation is sufficiently simple. About 14 ton of the dressed ore 
is mixed with from vy to wo of its weight of lime, and is heated to 
dull redness in a reverberatory furnace, through which # strong: 
current of air is passing. A large quantity of the sulphur burns 
off as sulphurous acid, and a portion of oxide of lead is formed; 
another portion of the sulphide of lead is converted into sul 
phate of lead, and much of the ore still remains undecomposed, 
During the operation, the mass is frequently stirred, and care 
is taken not to allow the temperature to rise sufficiently high to 
fuse it. When the rowsting ix thought to have been carried far 
enough, the materials in the bed of the furnace are 
mixed together, the farnace doors are closed, and the hoat is sud- 
donly raised. ‘The oxide and the sulphate of lead then react upon 
the undecomposed sulphide of the metal ; a large quantity of sul- 
phurous acid is evolved, whilst metallic lead runs copiously from 
the mass, ‘The successive stages of this operation may be traced 
‘a8 follows :— 

‘One equivalent of sulphide of lead, by combining with 3 equi- 
valents of oxygen, furnishes 1 equivalent of oxide of lead and 1 of 
sulphurous seid, as is exhibited by the equation: PbS-g3 O= 
PO+SO,, If the equivalent of galena unite with 4 equivalents 
of oxygen, 1 equivalent of sulphate of lead is formed ; PhS+-4O= 
PbO, SO, Both of these compounds, when heated with fresh 
sulphide of lead, are decomposed, metallic lead and salphurous 
acid being in cach case the result of the reaction. ‘Two equivalents 
of oxide of lead and 1 of galena furnish 3 of Iead aad 1 of sale 














EXTRACTION OF SILVER FROM LEAD. 
firo is then withdrawn, and the metal is briskly stirred by the 
workman whilst it cools: the crystals of lead subside as they form, 
and are removed at intervals by menns of a large perforated iron 
ladle, and transferred to the next pot on the right hand. When 
about gths of the metal is thus removed in grains, the con- 
centrated argentiferous alloy is ladled out into the next pot on the 
loft hand side, and the empty pot is charged with a fresh portion 
aa Which is subjected toa similar treatment, When the pot 
right and to the left has in this manner received a sufficient 
amines of poor or of argentiferous lead, it is subjected to 
2 similar operation ; the concentrated argentiferous portion | 
paseed off continually to the next pot on the left, whilst the erys- 
talline or poorer portion is handed over to the next pot on the 
right hand side. ‘The last pot to the left thus at length becomes 
filled with lead which may contain goo ounces of silver to the 
is not found advantageous to concentrate it beyond this 
point; the lead which accumulates in the last pot on the right 
hand side docs not contain more than half an ounce of silver in 
the ton. This poor lead is much improved in quality by the opera- 
tions which it has undergone, and is at once cast into pigs for the 
market. 


(753) Extraction of Silver from Lead by Cupellation—The 
rich argentiferous lead is now subjected to cupellation. This pro~ 
cess ix founded upon the circumstance that lead, if exposed at a 
high temperature to n current of air, rapidly absorbs oxygen, and 
is converted into a fusible oxide, whilst silver does not become 
oxidized, but is left behind in the metallic state, ‘The Litharge or 
oxide of lead melts at a high temperature, and flows off the convex 
surface of the melted metal, and thus continually exposes a fresh 
surface of lead to the action of the air. 

Tn England the cupellation is performed in a reverberntory 
furnace, the hearth of which is moveable. This hearth or eupel 
consists of an oval shallow basin composed of a mixture of bone 
ash with a little wood ashes; this mixture is slightly moistened, 
and beaten into an iron ring about 4 feet in its long diameter, 
and 2 feet in the shorter: the cupel is introduced into the furance 
from beneath, and is supported by bricks, so that it can be readily 
removed and renewed,—an operation which is generally required 
once a week. When dey, the fire is cautiously lighted and the 
lead introduced ; « continual blast of air from a tuyére is made to 
play over the surface of the melted metal ; litharge is formed abun= 
dantly, aod runs off through a gutter for the purpose, into an iron 
pot placed beneath the furnace for its reception. Fresh lead is 
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iron to 20 of pure galena, ‘The fusion is performed in a small 
blast furnace, about 20 feet high, and 3 feet neros at the widert 
part. 


In these various furnace operations white fames are 
disengaged, which consist principally of oxide and sulphide of 
load, and are technically termed froth of led; end in this way 
nearly 4 of the whole lead is volatilized. Independent of the 
waste thus occasioned, the fumes are highly deleterious; it is 
Gisrefore of great: importance to provent their di fusion 
wir as far as possible. It is stated, that in the Hartz about ys of 
the volatilized portion is arrested by causing the gases from the 
furnaces to pase through a succession of condensing chambers, 
before they finally eseape into the air. About 55,000 tons of lead 
are annually raised in England, which furnish, on an average, 
150,000 on. of silver. 

(755) Properties.—Leod is a bluish-white metal, so soft that 
it may easily be made to take impressions; it leaves a etreak 
upon paper, and may be cut with the nail. It may be laminated 
into tolerubly thin sheets, as well as drawn into wire; but both 
in ductility and tenacity it is low in the seale. It fuses at 620° 
(Person), and may with some difficulty be obtained in eubie or 
in octohedral crystals as it cools. Lead contracts considerably at 
the moment of its solidification, and it is therefore not well adapted 
for castings. It appears to have the power when melted of dis 
solving # soul! quantity of oxide of lead, by which the hardness of 
the metal is much increased (Pelouze and Fremy) ; but its eoftness 
may be restored by keeping it melted under charcoal for some 
time, with oceasional agitation. It ie an inferior conductor of 
heat and electricity. 

(756) Combined Action of Air and Water on Lead.—The surface: 
of a piece of lead when freshly cut presents a high metallic lustre, 
but it soon tarnishes by exposure to air, owing to the formation 
of a thin, closely adhering film of oxide, which protects the metal 
from further change. Lead undergoes no alteration in 2 perfectly 
dry atmosphere, and even when sealed up in a vessel of pure 
‘water, which has been boiled for some time to expel the air, the 
metal will retain its brillianey for an indefinite period, but if 
it be exposed to the united action of air aud pure water, it is 
subject to n powerful corrosion, As the result of this exposure 
the lead becomes oxidated at the surface, the water dissolves the 
oxide of lead; this solution absorbs carbonic acid, a film of by- 
drated oxycarbonate of lead (PbO, HO+PbO, CO,) is deposited 
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phate of lime ; hence in its application to architectural purposes, 
the contact of stucco or plaster with lead should be avoided, 

‘The lead of commerce is often nearly pure. The purest speci 
mens are the softest. ‘Traces of tin, iron, copper, and silver, and 
sometimes of antimony and manganese, are the impurities which 
are most often observed. In order to obtain it: perfectly pure, it 
should be reduced with black flux from the oxide left by iguiting 
the pure nitrate of the metal. 

(757) From its softness, fusibility, durability, and the ease with 
which it may be worked, lead is applied to a multiplicity of uses. 


lined with it. It forms the ordinary material for cisterns, water- 
Pipes, and gutters, and is frequently employed in covering the 
roofs of houses, In combination it is also very largely employed. 
The red oxide enters in large proportion into the constitution of flint 
glass. The carbonates, the oxychlorides, and the chromates are 
extensively used as pigments, and its alloys are numerous and im- 
portant. Shot for fowling-pieces is an alloy of lead, with a small 

of arsenic, which hardens it and facilitates its granula~ 
tion into globules; the quantity of arsenic varies with the purity 
and softness of the lead; usually it requires from 3 to § parts in 
1000, The common white arsenic of the shops is added to the 
Icad, melted in a covered vessel, the arscnious acid is reduced by 
the lead, and the oxide of lead thus formed rises ns 2 film to the 
surface of the alloy. 

Whea alloyed with about one-fourth its weight of antimony, 
Iead forms type metal. This alloy is sufficiently fusible to allow 
of its being readily cast; it expands at the moment of aolidifica- 
tion, and copies the mould accurately ; it ia hard enough to bear 
the action of the press, and yet not so hard as to eut the paper. 
‘The ordinary fusible metal contains lead, as do the various com= 
pounds called pewter, Britannia metal, and Queen's metal. The 
solder used by tinplate workers and plumbers is a mixture of 
lead and tin (676). 

(758) Compounds of Lead with Oxygen.—Lead forms 4 oxides ; 
—an unimportant black dioxide, Pb,O ; a protoxide, PbO, which ix 
the basis of the ordinary salts of the metal; a binoxide, PbO,, 
Which is insoluble in acids; and red lead, which is a compound of 
the two oxides last mentioned, usually in the proportions indicated 
by the formula (2 PbO, PbO,). 

Protowide of Lead (PbO), Eq: seuspntesteeiaas 75 
‘This oxide is well known under the name of litharge; it 
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used asa hair dye: the lime softens and partially decomposes the 
hair, and the lead of the oxide combining with the sulphur of the 
hair forms sulphide of lead, which stains the hair of a permanent 
black, 

Oxide of lead is a powerful base. Tt has a strong tendency 
‘to form subsalts; those which it yields with acetic acid, and some 
of those with nitric, acid are soluble; they exert a strong alkaline 
reaction upon test paper, and abeorb carbonic acid with avidity. 
Indeed, owing to the very sparing solubility of the basic carbonate 
of lead, a solution of a subsalt of lead is the most delicate test for 
the presence of carbonic acid, either in a gas or in distilled water; 
® mere trace of carbonic acid occasions the formation of the peculiar 
doer iecimmememmampaonmnggs ie 

(759) A orecipe Red Lead is a compound ob rc 
with the peroxide of the metal. Its most usual 
repreacnted by the formula, 2 PbO, Oe aes se 
Berzelius as PbO, PbO,, and well crystallized samples have been 
formes, which consisted of g PbO, PbO, All these compounds 
possess a brilliant red colour. 

Red lead is obtained by heating metallic lead, ao as first to 
procure the protoxide or massicot, keeping the temperature below 
the fusing point of the oxide ; the oxide so obtained is finely levie 
gated in water, and the particles which are held in suspension are 
allowed to subside, dried, and exposed in iron trays, to a heat of 
about 600° I, in a reverberatory furnace. The additional quan- 
tity of oxygen is gradually absorbed. ‘The principal use of red 
Jead is in the manufacture of flint glass, Much care, however, is 

required in the preparation of minium for this purpose. It is 


Roa Mictree, exits Minium is better suited to the 
maker than litharge, na the exooss of be hapeloeaie 
‘Dustible matter which may accidentally Lepismarnrc: 

the protoxide of iron into peroxide. Other less important applica- 
‘tions of red lead arc to the colouring of red sealing wax, and to 
paper staining. 
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Justre, It may be formed artificially cither by fusing lead with 
sulphur or by precipitating any of its salts by sulphuretted hydro- 
gen. When heated in close vessels, part of the sulphur is expelled, 
and a subsulphide (Pb,8) left; this subsulphide is formed on the 
large seule in the process for reducing galena; it is, however, 
decomposed by a moderate heat, as the lead melts out in the 
metallic form, leaving the protosulphide, which, though fusible, is 
Jess so than the metal itself. Galena, when heated in contact with 
air, is oxidated, part of the sulphur burns off, and a mixture of 
oxide of lead and sulphate of lead is formed, Nitric acid and aqua 
regia decompose it, converting it into sulphate: hydrochloric acid 
acts but slowly upon it, When fused with lime or the alkalies, 
metallic lead is obtained. If heated with oxide of lead or of iron, 
it is reduced with escape of sulphurous acid. 

(762) Chloride of Lead (PbCI, Eq. 139,) is best prepared by 
precipitating a solution of nitrate of lead by the addition of solution 
of chloride of sodium ; a sparingly soluble, white, heavy precipitate 
oceurs. It is soluble in about 33 parts of boiling water, but it is 
taken up more sparingly if an excess of hydrochlorie acid be 
present. It is easily fusible into » semi-transparent, horny, sectile 
mass, and at high temperatures may be volatilized ; the alkalies 
at first convert it into an oxychloride, and if the action be pro- 
longed, into pure oxide. 

‘The chloride combines with oxide of lead in several proportions. 
One of these forms a white fusible colourless mineral (PbCI, 
2 PbO), which is found in the Mendip Hills, Mr. Pattinsow 
manufactures a» white oxychloride of lead by acting on powdered 
galena with hydrochloric acid. The chloride of lead thus ob- 
tained ix dissolyed in hot water and precipitated, by the addition 
of lime water, in quantity just sufficient to remove half the 
chlorine; CaO+2 PLCl=CaCl+PbO, PbCl. This oxychloride 
(PbO, PbCl), has been used to some extent as a pigment instead 
of white lead. Another oxychloride (PbC], 7 PbO) is a pigment 
of some importance, known under the name of patent yellow, or 
Turner's yellow ; it forms w very fusible compound of a bright 
yellow colour, which may be obtained by heating together 1 part of 
sal ammoniac and ro of litharge. 

When an acid solution of chloride of lead is precipitated by a 
current of sulphuretted hydrogen, the precipitate which is first 
formed is of a bright red colour, but by the further action of the 
eas ese bake and furnishes sulphide of lead ; the red com- 

of lead (3 PbS, 2 PbCl). 

63) Todide of Lead (PbI), By. 290°5, is easily obtained by 


el 


























-— = —— 


NIPRITES AND PHOSPHATES OF LEAD. 1 
from its solution in hot water, in small opaque anhydrous crystals, 





which falls as a white powder, containing 14 equivalents of water ; 
by adding « large excess of ammonia to the neutral nitrate, 
a hexanitrate is formed; it also contains 14 equivalents of water 
(Berzelins). 

(766) Nitrites of Lead—The action of metallic lead on a solution 
of the nitrate of lead is remarkable ; the acid of the neutral salt 
‘imparts oxygen to the metal, which is dissolved, whilst subsalts of the 
Jower oxides of nitrogen are produced. Severnl of these com- { 
pounds may be obtained ; the composition of the subsalt varying | 
according to the proportions of the neutral nitrate and of the metal | 
employed. When a solution of 166 parts or 1 equivalent of | 
nitrate of lead, is heated to about 140° F., with 104 ports or © \ 
equivalent of metallic lead, perfect solution takes place, and a salt 
having the formula (2 PbO, NO,, aq), erystalliges on cooling in 
yellow plates; for PbO, NO,+Pb=2 PhO, NO, If 14 equi- 
yalent of lead be employed instead of 1 equivalent, another salt, 
composed of (7 PbO, HO, NO,, 2 aq) crystallizes in heavy orange- 
red needles. By boiling a very dilute solution of the nitrate with 
2 equivalents of lead for some time, a third salt, which is a fefra- 
nitrite of lead, composed of (4 PbO, NOs, aq; Peligot), erystallizes 
in hard rose-red silky needles, which are but sparingly soluble in 
hot water, and still less so in cold: a neutral nitrite of lead, PbO, 
NO,, and a bibnsic nitrite, 2 PhO, NO,, HO, as well as a tribasic 
nitrite, 3 PbO, NO,, have also been formed. 

(767) Phosphates of Lead,—The salts of lead give a white pre- 
cipitate with each modification of phosphoric acid ; they are princi- 
pally interesting as furnishing an easy means of procuring the 
hydrates of these different acids, by suspending the corresponding 
salt in water, and decomposing it by means of a current of sul- 
phuretted hydrogen. All the phosphates of lead are soluble in 
nitric acid, ‘The Diphosphate of lend (2 PhO, PO,), befare the blow- 
pipe, furnishes a semi-transparent globule, which becomes remark- 
ably erystalline on cooling. Triphosphate of lead occurs both 
massive, and crystallized in 6-sided prisms ; the produce of a small 
Mine at Wissembourg consists principally of this compound, mixed 
with the carbonate of lead. A chlorophosphate of lead, POC 
OS UE arrears med be Peet ea "| 

acid may be fused with oxide of lead in all proportions; 
Ber adenue mie the soapeiten se ¥ublers poi 
3a 
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always contains an excess of hydrated oxide of lead, but the propor- 
tion of this oxide is liable to vary. Mulder found a specimen which 
he examined to contain PbO, HO+ 3 (PbO, CO,) ; but more usually 
it consists of PbO,HO4-2 (PbO, CO,). By wnrolling the coils, the 
carbonate breaks off in flakes of a dead white colour, furnishing the 
kind of white lead most approved by artists and colourmen, Before 
it is fitted for their use, it is subjected to the processes of grinding 
and levigation, by which it is reduced to an impalpable powder. 
Although this pulverization is performed under water, the fine 
particles of the carbonate become diffused through the air, ren- 
dering the operation very deleterious to the workmen, This cire 
cumstance, combined with the length of time requisite for the 
formation of the carbonate, induced Thénard to substitute for 
the foregoing process the direct decomposition of a solution of the 
mubacctate of lead, by means of a current of carbonic acid: the 
carbonate is thus procured in a state of extreme division, and as 
rapidly as can be desired: it is, however, of a less opaque white, 
owing to its being deposited in exceedingly minute erystals, and ix 
considered of a quality inferior to that procured by the Dutch method. 

A third process, at one time employed at Birmingham, consisted 
in exposing litharge, moistened with a solution of acetate of lead, 
to a current of impure carbonic acid, obtained from the combustion 
of coke, 

Carbonate of lead is often fraudulently mixed with a considerable 
quantity of sulphate of baryta, which ie much cheaper, though its 
whiteness is less intense; a small quantity of indigo, charcoal, or sul- 
phide of lead is usually added to white lead, in order to substitute 
a bluish tint for the natural tendency of the white towards yellow. 


(769) Curanacrnns or tan Comrounns or Lrav.—The salts of 
lead are colourless. They have a poisonous action on the system. 
In cases of poisoning by a dose of the soluble salts of lead, the 
best antidote is sulphate of magnesia, or of soda, which forms an 
insoluble and inert sulphate of lead. ‘This, however, is of no avail 
in the more usual forms of lead poisoning, in which the metal is 
introduced in minute quantities unintentionally, in water, or in 
articles of diet. 

‘The best, tests for lead are the formation of a white insoluble 
sulphate when sulphuric acid or the sulphates are added to its solu- 
tions; a black sulphide with sulphuretted hydrogen; a yellow 
chromate with chromate of potash; and a yellow iodide with iodide 
of potassium. Potash gives a white precipitate of the hydrated 
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furnaces; these pipes are termed cfudele. ‘The aludcls are 
supported on a doubly inclined plane of masonry; at the lowest 
point a perforation is made to allow of the escape of the mereury 
into a brick channel, ¢, through which it runs imto well ; the 





chimney, h Great waste, however, is incurred during this process 
from the incomplete manner in which the condensation is effected, 
A better plan consists in mixing the sulphide with iron filings, or, 
as is more commonly done, with elacked lime, and conducting the 
distillation in cast-iron furnaces and retorts. The mercury i con- 


densed in receivers partly filled with water, while sulphide of enl- 
cium and sulphate of lime remain behind in the retort: +He 
4 Ca0=4 Hg +3 CaS +Ca0, 80,. 
If the ore contain any admixture of zine and beeen 
portions of these metals are liable to be distilled over with the mer 
- In this case a film forms,upon the surface of the fluid metal 
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when it is agitated in contact with air. The purity of the product 
is easily seen by the absonce of this film, aod by the perfect 
mobility and sphericity of the globules, which do not wet the 
surface of non-metallic objects. A small quantity of mercury may 
be speedily purified by placing it in a bottle, with a little finely 
powdered loaf sugar; the mereury should not occupy more than one- 
fourth of the capacity of the bottle; the bottle is then closed, and 
briskly agitated for a few minutes; after which the stopper is with- 
drawn, and fresh nir is blown into the bottle with a pair of bellows, 
and the agitation is repeated : this is done 3 or 4 times, and the 
mereury is then poured into a cone of smooth writing paper, in 
the apes of which a pin hole is made; the metal runs through, and 
Jeayes the powdered sugar mixed with the oxides of the foreign 
metals, and a considerable quantity of finely divided merenry. 

Generally speaking, the mercury imported into this country is 
almost chemically pure, Any foreign metals which may be present in 
‘it may be removed by digesting it for some days with dilute nitric 
acid in the cold: the mereury should be placed in a shallow dish, 
#0 as to expose a large surface to the acid, and it should be frequently 
agitated ; the acid exerts but little action on the mercury so long 
a3 any more oxidizable metals are present. A solution of nitrate 
of mercury may be substituted for the nitric acid with advantage ; 
in this ease the mercury is deposited from the solution and takes 
the place of the other metals, which are dissolved. 

(972) Properties —Mercury possesses a lustre resembling that 
of polished silver. It is the only metal that is fluid at common 
temperatures. It freezes at —39° F., nnd contracts considerably at 
the moment of congelation, when it crystallizes in octohedra. In 
this state it is malleable; when heated to 662° F. it boils, and 
forms an invisible, transparent vapour, of sp. gr. 6°976 (Dumas). 
The metal, at all temperntures above 40°, undergoes slight spon- 
taneous evaporation. Its specific gravity at 60° is 13°54. When 
pure, it is not tarnished by exposure to air and moisture at ordi- 
nary temperatures, but if heated to about 700° ar 800° F. it absorbs 
oxygen, and ix gradually converted into the red oxide. Hydrochloric 
acid is without action upon the metal, either when cold or hot, 
Concentrated sulphuric acid in the cold produces no but 
when heated with it is decomposed ; eulphurous acid being evolved, 
while the. merenry is oxidized and combines with a portion of 
undecomposed acid. Strong nitric acid dissolves it with rapidity, 
extricating deutoxide of nitrogen in abundance, while nitrate of 
mercury is formed. If the acid be dilute, and the metal in excess, 


























1013 
action on the crystallized oxide, bat it converts the precipitated 
oxide into oxalate, and the yellow oxide when boiled with solution 
of corrosive sublimate, is quickly converted into the i eeg 
but this change is very slow with the crystallized variety. 
yellow oxide, when boiled with reiaediLisreersbber its 
chromate of merenry, 3 HyO, CrO,; but the crystallized oxide, when 
similarly treated, yields subsalt with a larger excess of base, 4HgO, 
CrO, (Millon). “In short, the crystallized oxide obtained by the 
direct oxidation of mereury and the precipitated oxide appear to 
be different allotropic modifications of the compound. 

‘The red oxide when heated becomes nearly black, but recovers 
its colour on cooling; when exposed to a temperature of ignition, 
it is decompoeed into metallic mercury and oxygen gas. It ia 
slightly soluble in water; the solution has an aerid taste, and 
turns syrup of violets green. This oxide of mereury forms with 
baryta a soluble compound. With ammonia, a yellowisl-white 
insoluble mass (4 HgO, H,N, 2 HO) is produced. It enters into 
combination with acids, and forms well defined ealts, It may be 

ly distinguished as mercuramine. 

(775) eres (4 HgO, H,N, 2 HO) or (2 MgO, Hg,H,N) 
O, 2 HO.— When a solution of ammonia is poured upon yellow pre- 
cipitated oxide of mercury in a bottle which admits of being closed, 
to prevent the access of carbonic acid from the air, the colour of the 
oxide becomes paler, and eventually a yellowish-white amorphous 
powder is obtained, which, when washed and dried in a dark place, 
over quick-lime, forms a hydrate of a new basic substance, containing 
4 HgO, H,N, 2 10. ‘This compound was discovered by Pourcroy 
and Thénard, but it was first completely examined by Millon (Ana. 
de Chimie, ILL, xviii. 393). In its isolated condition, it is very 
unstable: mere exposure to the light decomposes it. When tritu- 
rated in a mortar, it produces a series of small detonations If 
dried in vacuo over sulpburic acid, it loses two equivalents of 
water ; and between 212° and 266°, a third equivalent of water is 
expelled : it thus becomes dark brown, and is permanent in the air, 
‘These changes may be thus explained: 1 equivalent of ammonia 
and 2 of water, in acting upon 4 equivalents of oxide of mercury, 
produce the yellowish hydrated compound, 4 HgO, H,N, 2 HO. 
The 2 equivalents of water are removed by desiccation over 
sulphuric acid, and on the application of heat, 1 equivalent of the 
hydrogen of the ammonia removes an equivalent of oxygen, whilst 
the amidogen takes its place; ean Reet eens 

Mercuramine is a powerful base terhydrate absorbs 
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as it impairs the brillianey of the colour. Cinnabar forms a 
yellowish-brown vapour, of a sp. gr. of 5°51. Vermilion may also 
be procured in the wet way, but the process is tedious, and less ‘ 
certain, The Chinese vermilion is supposed by some chemists 
to be prepared by the humid process. In order to produce 
vermilion in this mauner, M. Brunner recommends roo parts of 
morcary to be triturated, for 2 or 3 hours, with 38 parts of sul- 
phur; at the end of which time, 25 parts of caustic potash and 
150 parts of water are to be added. The mixture is maintained 
for some hours at a temperature of from 112° to 120° B., at first 
stirring it constantly: the black colour gradually changes to scarlet; 
as soon as it has attained the desired tint, it is thoroughly washed 
with cold water. If the heat be too long continued, the tint changes 
to brown, but the searlet hue is restored by boiling it with water. 

Sulphide of mercury is thrown down as a black precipitate 
by transmitting sulphurctted hydrogen through solutions of the 
persalts of mercury: when dried and sublimed, it assumes its 
ordinary red colour. The pure acids are without action upon it, 
but it is oxidized and dissolved by aqua regia. ‘The alkalies in 
solution do not decompose cinnabar, but if iguited with it in the 3 
dry state, a sulphate and sulphide of the alkaline metal are formed, | 
and metallic mercury sublimes ; 4 HgS +4KO=4 Hg+ KO, SO,-+ 
3KS. Sulphide of mereury possesses the property of uniting with 
other metallic sulphides; it also combines with the nitrate, the 
chloride, the iodide, and some other mercurial salts, forming pecus 
liar compounds, which are produced by the action of a small pro- 
portion of sulphurettcd hydrogen upon the solutions of these salts, 
and eanse the first portions of the precipitate occasioned in them 
by the gas to assume a white colour. 

(978) Chlorides of Mereury—Mercury forms two chlorides, 
asubchloride, Hg,Cl, well known as calomel, and a chloride, HgCl, 
commonly distinguished as corrosive sublimate. 

Subchlovide of Mercury (Hg,Cl), Ey. 235°53 Sp. Gr. 7°178.— 
Calomet may be obtained by precipitating the subnitrate of mer- | 
tury by means of a solution of common sult; but it is more usually 
procured by sublimation : 13 parts of mercury are triturated with | 
17 of corrosive sublimate, until no metallic globules are visible, 
the chloride having been previously moistened with water or alcohol | 
to prevent the acrid particles from being diffused through the air ; | 
the mixture is then sublimed in suitable vessels, and the culomel | 
is deposited as a semi-transparent fibrous cake, In this opera- 
tion the additional mercury combines with half the chlorine of 
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dissolves it freely. If am aqueous solution be agitated with ether, 
almost the whole of the salt will be abstracted by it from the 
water, and the ethereal solution will rise to the surface. It is very 
soluble in solutions of the alkaline chlorides, with which it enters 
into combination, forming double salts. With chloride of potas- 
sium it forms three distinct erystallizable compounds, KCl, 4 HgCl, 
4oq; KCl, 2 HgCl, 2aq; and KCI, HgCl, ag, They ars easily 
prepared by dissolving the salts in the proper proportions, and 
allowing therm to crystallize. With chloride of sodium only one such 
compound is formed, NaCl, 2 MgCl, 3 aq. A salt of ammonia 
with 3 equivalents of sal ammonise has long been known as sal 
alembroth : it crystallizes in flattened rhomboidal tables, 

Similar compounds having s composition analogous to that of 
the sodium salt may be formed with most of the soluble chlorides, 
Chlorides of calcium and magnesium form more than one com- 
pound. A similar but anhydrous salt, HCI, 2 HgCl, is formed by 
dissolving corrosive sublimate in hot hydrochloric acid, from which 
it crystallizes on cooling ; it is, however, decomposed by water. 

Chloride of mercury combines with the sulphide, and forms 
with it a white insoluble gelatinous componnd, consisting of 
2HgS, HgCl; itis the white precipitate which is always formed at 
first, on passing u current of sulphuretted hydrogen through a solu- 
tion of corrosive sublimate. 

Corrosive sublimate is decomposed by the fixed alkalies and 
alkaline earths ; « chloride of the alkaline metal is formed, and oxide 
of mereury is sct free. When ammonia is added to a solution of 
corrosive sublimate, it separates only half the chlorine, uniting with 
the remainder to form the compound called white precipitate, 
Chloride of mercury acts powerfully on the albuminous tissues, and 
combines with them ; it isa violent and acrid poison. ‘The best 
antidote in cares of poisoning with this substance is the immediate 
exhibition of the whites of several raw eggs, ns it congulates the 
albumen, and forms with it a sparingly soluble compound, It was 
supposed that the chloride was converted into calomel, but this 
does not appear to be the case. 

(780) Corrosive sublimate combines with oxide of mercury in 
‘at least 3 proportions. One of these is obtained in the form of 
dark brown insoluble flakes, (3 HgO, HgCl), when the chloride is 
boiled with red oxide of mereury ; these compounds are decomposed 
by the alkalies, 

‘The oxychlorides of mereury are interesting, from the observa- 
tions of Millon upon them, which seem to prove the persistence 
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(781) Action of Ammonia on Chloride of Mercury—When a 
solution of corrosive sublimate is added to a solution of ammonia in 
excess, one half of the chlorine only is removed from the salt, and 
a wiite precipitate is formed, which, when washed with cold water, is 
completely soluble in nitric and hydrochloric acids, and which there- 
fore can contain no calomel; 2 HgCl+a HyN=(HgCl, HgH,N) + 
HNC, Kane considers this white precipitate as a compound of 
chloride with amide of mercury, HgCl, HgH,N; but it may also 
be regarded as chloride of ammonium, in which 2 equivalents 
of hydrogen are displaced by 2 equivalents of mercury (Hg,H,N, Cl), 
Tf ammonia be added drop by drop to a solution of corrosive subli- 
mate, which is purposely maintained in considerable execas, the 
precipitate consists of 3 HCl, HgH,N, or chloride of mercuramine, 
in which the place of the oxygen is supplied by chlorine. 

White precipitate has been made the subject af numerous ex- 
periments. If it be heated to about Goo? F., ammonia, and the 
ammoniated chloride of mercury are expelled ; and «red crystalline 
powder remains, represented hy the formula, (2 HgCl, Hy,N) ; for 
6 (HHyN, Cl) = 3 H,N + (H5N, 2 HgCl) + 2(2 HgCl, Hg,N). 
‘This red powder is insoluble in water’or in dilute acids, but it is 
dissolved nnd decomposed by either boiling hydrochloric acid or 
oil of vitriol. It ix interesting, as it appears to contain ammonia in 
whieh the 3 eqs. of hydrogen are displaced by 3 eqs. of mercury, 

‘When white precipitate is boiled in water it is decomposed, und 
the heavy insoluble canary-yellow chloride of mercuramine is 
formed, whilst chloride of ammonium is formed in the solution; 
4 (HgCl, HgH,N) +2 HO=(2 HgO, Hg,H,N)C1+H NCI. This 
yellow powder is dissolved easily by dilute nitric or hydrochloric neid, 

Tf a solution of corrosive sublimate be added gradually to a 
boiling solution of sal ammonine and free ammonia, as long as the 
precipitate is redissolved by agitation, a compound crystallizes in 
rhombohedra on cooling; and the same substance is procured on 
boiling ordinary white precipitate in a solution of sal ammoninc, 
This compound fuses at a temperature of 572°, and is decomposed ; 
boiling water extracts a large proportion of sal ammoniac from 
it, and leaves the canary-yellow powder above described. It 
is freely soluble in acids, even in acetic acid. Kane’s analysis 
of this compound would allow of its being represented by 
the formula, {HgCl, HgH.N) + (HAN, Cl), or still more simply as 
Hgl,N, Cl. It is sometimes called fusible while precipitate. 

When corrosive sublimate is exposed to a current of dry am- 
moniacal gas, it fusca with extrication of heat; 2 equivalents of the 
salt absorb 1 equivalent of ammonia, H,N, 2HgCl. This com- 
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IODIDE, NITHIDE, AND SULPHATES or MrncuRy, 1021 
shown that this change of colour depends upon a change in the 
molecular constitution of the salt, in consequence of which the 
rhomboidal crystals are converted into octohedra with a square 
base. Todide of mercury is insoluble in water, but it is taken up 
freely by alcohol. With the soluble electro-positive iodides. it 
forms crystalline double salts, and it is dissolved easily by solutions 
of chlorides of the metals of the alkalics, but it docs not form 
erystallizable compounds with these chlorides, A fusible double 
chloride and iodide of mercury (HgI, HgCl) may be formed ; 
and a soluble crystallizable compound (HgT, 2 HgCl), may be 
obtained by saturating a boiling solution of corrosive sublimate 
with the red iodide of mercury, and allowing it to eryatallize, 
Todide of mercury also forms detinite compounds with the oxide, 
and with the sulphide of the metal. 

Two dromides, analogous to the chlorides of mercary may be 
formed ; they yield corresponding double salts, 

(783) Nitride of Mercury.—Plautamour states, that by trana~ 
mitting a current of dry ammonincal gas over the yellow oxide of 
mercury, precipitated from its salts by au alkali, and well dried at 
a temperature not exceeding 300° F'., water is formed and volati- 
lized, whilst an anhydrous powder of a flea-brown colour is pros 
duced, It detonates powerfully when heated, or struck ; the acids: 
decompose it, forming salts af ammonia and mercury. Ita 
probable composition is Hg,N, as inferred from the mode of 
preparing it; 4 HgO+H,N=Hg,N+3 HO. 

(784) Sulphate wf Mercury (Hg, SO,), Ey. 148, Sp. Gr. 
4°666.—When 2 parts of mercury are geutly heated with 3 af oil 
of vitriol, sulphurous ncid is evolved, and subsulphate of mercury 
is procured ; but if the heat be increased, and the distillation be 
carried to dryness, the sulphate is formed ; sulphurous acid being 
extricated, whilst the mercury takes oxygen from the sulphuric acid ; 
Hg+280,=Hg0, 80,+80,. It is a white crystalline powder, 
which is soluble in n solution of common salt, but is decomposed by 
pure water into an insoluble yellow subealt, called fexpeth mineral 
3 HgO, SO,, and a soluble supersalt, which crystallizes in deli- 
quescent needles: the yellow subsalt is formed more rapidly if the 
sulphate be washed with boiling water. The neutral sulphate unites 
with sulphate of ammonia, and forms a crystallizable double sult, 

(785) The nitrates of mercury are more numerous than 
those of any other metal. The neutral subnitrate is obtained by 
digesting metallic mercury in an excess of nitric acid diluted with 
4 oF 5 times its bulk of water: it crystallizes in transparent 
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2HO. Other submitrates appear to exist. 

A neutral nitrate of the red oxide, 2 (HgO, NO,), HO, is 
slowly formed in volaminous crystals, by dissolving the red oxide 
of mercury in an cxecss of nitric acid, and evaporating the liquid 
until it assumea a syrupy consistenco. Another nitrate, 2 HgO, 
NO,, HO, is deposited in acienlar crystals from a boiling solus 
tion of mercury in excess of nitric acid ; bat it is obtained with 
grenter certainty by saturating nitric acid, of sp. gr. 14, diluted 
with an equal bulk of water, with the red oxide of mercury. 
acer peilirereeaerntn 
frocly with water ; a white insoluble basic nitrate, eat Ls 
HO, is precipitated : by long-continned washing wil 
rian et gheentinidem pera pees 
oxide of mercury ia left Solutions of the nitrates of the red 
oxide of mercury, when digested upon an excess of the metal, are 
converted into nitrate of the suboxide, 


(786) Carsnacruxs or tae Savts or Mexcuny.—Most of the 
salts of mercury are colourless, but some of the busic salts of the 
red oxide are yellow. The following characters are common to 
the salts of both oxides, The soluble compounds have an aerid, 
nauseous, metallic taste: in large doses they act 4s irritant 
All the compounds of mercury are volatilized by heat. Ifa small 
quantity of any of the dry salts of this metal be placed at the 
bottom of a tube of the diameter of a quill, and be covered to the 
dopth of an inch with a layer of dried carbonate of soda or potash, 
‘mercury may be obtained in the form of a sublimate of minute 
globules, by heating the upper part of the layer of the carbonate to 
redness, and slowly driving the vapour of the mercurial compound 
over it. . 

‘The presence of mercury, when in solution, may be detected by 
placing a small portion of the liquid on a piece of gold such as 
@ half-sovereign, and touching the metal through the liquid with a 
‘serop of zinc, or with the point of « steel knife. The mercury will 


Lk _— 


ESTIMATION OF MERCURY. 1023 { 


be deposited by voltaic action in the form of a white stain upon the | 
gold. This stain will disappear on heating the gold to redness. | 
‘Phe ealts of meveury, whether soluble or insoluble, are all reduced | 
to the metallic state when heated with a solution of protochloride | 
of tin. Acstrip of metallic copper becomes amalgamated, if rubbed 

with a solution containing mercury. | 

1. Salts of the subowide of mercury are characterized when in 
solution, by yielding with caustic potash, soda, or lime, a black 
precipitate of suboxide of mercury. Ammonia also gives a black | 
precipitate. Ferrocyanide of potassium gives a white precipitate. | 
Sulphuretted hydrogen wud hydrosulphate of ammonia each yields x 
black sulphide of mercury. Hydrochloric acéd and solutions of the 
chlorides cause a white precipitate of calomel, which is blackened | 
by the addition of an excess of ammonia, Iodide of potassium | 
gives a green subiodide of mercury; and chromate of potash a | 
bright red subehromate of the metal. 

2. Salts of the red owide, when in solation, yield with solu- 
tions of potash, soda, or lime, a bright yellow precipitate af oxide 
of mercury; with ammonia, « white precipitate; with neutral 
carbonate of potash, a yellow precipitate of oxide ; with bicarbonate 
of potash, a red precipitate of oxychloride of mercury. Hydrasul- 
phate of ummonia gives a black precipitate ; and sulphuretied hydro. 
gek, a dirty white precipitate, which passes through red into black. 
Todide of potassium precipitates a salmon coloured iodide of mer- 
eury, which quickly becomes of a brilliant scarlet: this precipitate 
is soluble in excess both of iodide of potassium, and of bichloride of 
mercury. Hydrochloric acid und solutions of the chlorides give no 
precipitate with the salts of the red oxide of mereury, 

(787) Estimation of Mercury—Mercury is usually estimated 
in the metallic form. In the absence of lead and silver, it is often 
precipitated in this state from its solutions by means of proto- 
chloride of tin, acidulated with hydrochloric acid: the metal ix 
collected on a weighed filter, and dried in vacuo over sulphuric acid. 

When the compound is in the solid form, the plan recom. 
mended by Millon, for effecting the decomposition of the combina- 
tions of mercury and for collecting the metal is the following :—A_ 
hari glass tabe, 15 0r 16 inches long, such ax is used in the 
of organic compounds, is drawn out in the manner in 
fig. 312, and at @ a small bulb is formed for the reception of the 
mercury ; a plug of asbestos ix placed at 6; the'tube is then filled 
aa far asc with fragments of quick lime, and the mercurial com- 
pound in quantity varying from 15 to 50 grains isintroduced between 
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THOPHRTIES AND Usk OF SILVER, 1025 
volatile in closed vezsels, but # eilver wire is dispersed in groenish 
vapours when a very powerful electrical discharge is sent through 
it. It is, however, an excellent conductor both of heat and elec+ 
tricity, and is not inferior in these respects to any known substance, 
Silver is not oxidized by exposure at any temperature cither to a 
dry or & moist atmosphere. Pure silver, however, when melted, 
absorbs oxygen mechanically, but the gas is given off at the moment. 
of solidification : if a mass of melted silver be allowed to eool sud- 
denly, the outer crust becomes solidified, and when the interior por- 
tion assumes the solid condition it ruptures the crust; small tubes 
or globules of melted metal sare thus forcibly expelled by the 
eseaping oxygen, aided by the sudd@m expansion which the silver 
‘undergoes in the act of solidification, ‘This phenomenon, which is 
termed the spitting of the globule, is entirely prevented by the pre= 
sence of 1 or 2 per cent. of copper. Silver has a powerful affinity 
for sulphur ; by long exposure to the air the metal becomes super- 
ficially blackened or tarnished, from the formation of o thin film 
of sulphide upon its surface, owing to the decomposing action of 
the metal upon the small portion of sulphuretted hydrogen which 
ia constantly floating in the air, especially of large towns. 

‘The best solvent for silver is nitric acid, which, if dilated with 
an equal bulk of water, acts upon the metal with great violenee, dis- 
solving it rapidly and evolving binoxide of nitrogen, while nitrate 
of silver is formed. Hydrochloric acid acts but slightly upon it. 
Aqua regia attacks it more rapidly, Boiling oil of vitriol oxidizes 
it with evolution of sulphurous acid. Tf common salt be moistened 
and left in contact with silver, it gradually corrodes it, ‘The alka- 
lies exert scarcely any action upon it, whether in solution or when 
fused by heat, and hence crucibles for the fusion of refractory 
minerals with caustic potash, are commonly made of this metal, 

‘The value of silver as a medium of exchange has caused it to 
be adopted as such by all civilized nations from the earliest ages of 
the world. Whon alloyed with certain proportions of copper it 
is used for the current coin of the realm, and for the various 
articles of plate, From its superior power of reflecting light, it forms 
the best surface for the reflectors employed in lighthouses at sea. 

(789) Extraction of Silver from its Ores.—Silver is frequently 
met with in the native state; cither pure, when it occurs in fibrous: 
masses, or crystallized in cubes or octohedra, or sometimes com- 
bined with gold, mercury, or antimony: generally, however, it is 
found in combination with sulphur, mixed with sulphides of lead, 
antimony, copper, and iron. The mines of Peru and Mexico are 
the most extensive eources of silver, In Europe, those of Kongs- 
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charged with half a ton of the ore. These casks are caused to 
revolve upon horizontal axes, about 20 times per minute; 1 cwty 
of scrap wrought.iron is then introduced into each cask, and after 
the lapse of an hour, 5 ewt. of mercury is added, after which the 
‘easks are again made to revolve for about 20 hours; during this 
operation a slight rise of temperature is observed. ‘The mixture in 
the casks consists principally of chloride of silver mixed with large 
quantities of sulphate and dichloride of copper, and of the sesqui- 
chloride of iron, with a variable proportion of the oxides of the two 
latter metals. The object of agitating the mixture with the iron 
before adding the mereury, is to reduce the sesquichloride of iron to 
protochloride in the first instance ; if this precaution were not taken, 
the mercury wonld be partially converted into calomel, which wonld 
not subsequently be decomposed, and would thas be lost: the excess 
of iron afterwards removes the chlorine from the chloride of silver, 
and dichloride of copper, and the sulphuric acid from the copper — 


Fe+Fe,Cl,=3 FeCl; AgCl+Fe=FeCl+Ag. 
Cu,Cl+-2 Fe=a FeCl +3 Cu; CuO, SO, +Pe=Fe0, $O,+Ca. 


‘The silver and copper thus sct at liberty, immediately unite with 
the mercury, forming a liquid amalgam ; the presence of the mer- 
cury favours this reaction, by establishing a voltaic current. At 
the expiration of 18 or 20 hours the casks are filled up with water, 
and are again set in motion for a couple of hours to allow the 
awalgam to be washed out of the spent materials; after which the 
fluid amalgam is drawn off into sacks of ticking; these sacks form 
a kind of rade filter through which the greater part of the mercury 
runs into a stone trough, leaving behind it a soft solid containing 
from 15 to 17 per cent. of silver. ‘The mud in the easks is again sub+ 
mitted to washing ; the residual amalgam 
subsides owing to ita greater density, and 
the lighter portions are rejected. The fil- 
tered part of the mereury, which retains a 
small quantity of silver, is used again for 
the amalgamation of a fresh portion of 
ore. The silver inthe solid amalgam has 
now to be separated from the remaining 
mereury ; for this purpose it is placed in 
trnys, supported on a tripod, ¢, fig. 315, 
under alarge distillatory iron bell, », round 
the upper part of which a fire, a, is lighted; 
the bell and its contents are thus brought 
toa red heat, by which means the mercury is driven off; its va- 
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at the same timea large quantity of calomel is formed. Another 
‘equal quantity of mercury is added, and a still longer interval of 
rest is allowed ; then a third dose of mercury to the same extent 
follows; by thix last addition a fluid amalgam is obtained, which is 
separated by washing, filtered, and the mercury is expelled from 
the silver by distillation, ‘The quantity of mercury consumed in 
this process varies from 130 to 150 parts for each too parts of 
silver extracted, great waste being incurred owing to the forma- 
tion of calomel, which is not recovered. Tt is ealedlated that up 
to the close of the last century, 6 million ewt, of mercury had 
thus been lost by the processes adopted in the American mines in 
‘the course of 200 years, 

‘The theory of this operation is rather obscure, The sulphate of 
copper of the magistral, and the chloride of sodium decompose exch: 
other, chloride of copper and sulphate of soda being formed. 
Chloride of copper, in the presence of metallic silver, is converted 
into dichloride of copper, whilst chloride of silver is produced ; 
2 CuCl4+Ag=Cu,Cl+AgCl. When dichloride of copper, with 
excess of common salt and water, is brought into contact with sul- 
phide of silver the dichloride of copper is dissolved by the solution of 
chloride af sodium ; the copper is converted into sulphide, whilst 
chloride of silver, is formed by double decomposition; Cu,Cl4- 
AgS=Ca,S+AgCl. The excess of salt dissolves the chloride of 
silver, and the addition of mereury decomposes this dissolved 
chloride ; calomel is formed, and an amalgam of silver is procured ; 
AgCl + Hy,=Hy,Cl+ Ag. If too much magistral be added, 
an excess of chloride of copper, CuCl, is produced; this state 
of the mixture is casily perecived, as in sch a case the globules 
of mercury inthe mixture appear to be too minutely divided ; the 
addition of lime then becomes necessary in order to decompose the 
excess of the chloride of copper, otherwiso this salt would reconvert 
the silver into chloride, and the mercury into calomel. 

(791) Separation of Silver from Copper by Liquation—It ovea- 
sionally happens that a copper ore contains n considerable amount 
of silver, which, under certain circumstances, it may be desirable to 
extract by the process of liguation, Yor this purpose, the 
copper having been brought to the stage of blister copper (733), 
is melted with from 3 to 4 times its weight of lead; the 
mixture is cast into circular ingots in iron moulds, which enddenly 
cool the alloy, and cause it to solidify before the copper and lead 
have time to separate. The proportion of lead 
than 500 times that of the silver in the mass, 





















then subjected to the action of a moderate leat ; the lead, combined 
with nearly all the silver, and e-amall ropeclanintiad pee 
enone from the saa, lear’ a spcipyi relly came 
tmyentlerousiead iathen aljecel othe pres of up 

whilst the copper from which it has been is 


refined mnch in the usual manner. - 

(792) Plating and Silvering.—Silver is frequently employed 
to give a coating to the surface of less expensive metals. Goods 
s0 prepared are said to be plated if the proportion of silver be 
considerable, and silvered if it be small, Plating on copper is 


in proportion to that of the copper varies with the value of the 
goods. The compound ingot is then exposed to a temperature 
just below the fusing point of the silver, which softens at its surface. 
By hammering or rolling out at this high heat, the two metals 
are seated together, as it is termed, and become inseparably 
united. No solder is used in this process, hut a small portion of 
powdered borax is placed round the edge of the silver to prevent 
the surface of the copper from becoming oxidated. ‘The ingot = 
then rolled until it is reduced to the required degree of tenuity. 

Plating on steel is effected rather differently, ‘The article (a 

to 


soldered on, After the silver has been attached, the superfinous 
portion is removed, and the article is finished up and polished. 
‘These methods of plating have, however, been ina great degree 
superseded by the process of electro-plating, in which the silver is 
deposited upon the surface by voltaic action, ‘The mode of doing 
this will be explained hereafter. - 
Silvering may be effected either by the wet, or by the dry 


wither on brass or copper: the surface of these metals is cleaned 
by dipping, or momentary immersion of the articles in nitrie acid, 
to remove the film af oxide which always forms from exposure to 
the atmosphere, even for a few hours. They are then rubbed over 
with a mixture of 109 parts of cream of tartar, 10 of chloride of 
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silver, and 1 part of corrosive sublimate. ‘The mercury appears 
to act as a kind of solder to the silver; the copper combines with 
the chlorine both of the chloride of silver and of the sublimate; 
the surfuce is afterwards polished. 

Dry silvering is effected by dissolving a certain quantity of 
silver in mercury; the ‘dipped? articles are agitated with a por- 
tion of this amalgam, which diffuses itself uniformly over the 
surface. By the application of heat the mercury is expelled, 
leaving a very thin film of silver behind; on polishing the trinkets 
a bright silvered surfice is obtained, 

(793) Silvering of Mirrors —Some of the salts of silver when 
wixed with certain organic solutions are reduced to the metallié 
state, the silver being deposited upon the surfaces of glass vessels, 
in which the experiment is made, in the form of a brilliant, adher- 
ing, mirror-like coating. Mr. Drayton some years ago proposed to 
apply this observation to the silvering of mirrors upon the large 
scale, as the coating adapts itself not only to flat surfaces, but 
to those also which are curved, or cut into patterns. ‘This process, 
according to MM. Pelouze and Fremy (Traité de Chimie, Secon 
Edition, IIL, 347), is now successfully practised at Paris, as follows = 
—6eo grains of pure neutral nitrate of silver are dissolved in 1200 
grains of water. To this solution are added: rst, 75 grains of a 
liquor prepared from 25 parts of distilled water, 10 of sesqnicar- 
bonate of ammonia, and 10 of solution of ammonia, of sp. gr. 
0'980; and, 30 grains of solution of ammonia, sp. gr. o"g80 ; and 
3rd, 1800 grains of alcohol, sp. gr-o850. The mixture is left wt 
rest to become clear, ‘The liquid is decanted or filtered, and a 
mixture of equal parts of alcohol (ap. gr. 0°850) and of oil of cassia 
is added im the proportion of 1 part of this cseence of cassia to 
15 parts of the solution of silver; the mixture is agitated and left 
to settle for several hours, after which it is filtered. Just before 
pouring it upon the glass to be silvered, it is mixed with yy of its 
bulk of essence of cloves (composed of 1 part of oil of cloves, and 3 of 
alcohol, sp. gr. o'850). The glass having been thoroughly clennsed, 
in covered with the ailveriag liquid, and warmed to about 1o0® F., 
at which temperature it is maintained for or 3 hours; the liquid 
is then decanted, and may be employed for silvering other glasses, 
‘The deposit of silver upon the glass is washed, dried, and then 
varnished. 


An alcoholic solution of grapo sugar produccs tha same:result, 
if substituted for the oils of cassia and 
occurs much more slowly. ~ 








ASSAY OF SILVER BY CUFELLATION. 1083 


of barnt bones, termed a cupel, whilst any silver that the mixture 
contains ia left behind in a bright globule, which admits of being 
accurately weighed. The cupel and its contents 

are shown in section in fig. 314. ‘The cupels are Fro 314 
prepared from bone ash (burnt to whiteness, and 

ground to a fine powder), by moistening it with =] 
water; a suitable quantity of the mixture is placed 

ina mould, and the required form and coherence is given to it by 
the blow of a mallet or of a press: the cupels are allowed to dry 
thoroughly before they are used. The assay may be conducted upon 
quantities of silver varying from 10 to 20 grains in weight, The 
plan of proceeding is as 
follows :—In a conve- 
nieut furnace, such as 
is shown in section at 
4, fig. 315, is placed 
au earthenware oven or 
muffle, , of semicylin- 
drical form, closed at 
one end, and open at 
the other, with slits in 
the sides to allow the 
fece circulation of the 
air; upon the floor of 
the muille, a number of 
cupels are arranged in 
rows, and the tempera- 
ture is raised to bright 
redness. Equal por- 
tions of the various samples of silver to be assayed, are in the 
meantime accurately weighed, and wrapped in a quantity of 
pure thin sheet-lead, the weight of which varies with the purity 
of the alloy; the larger the proportion of foreign metals that it 
contains, the greater is the quantity of lead needed. Each piece for 
assay is now placed in its allotted cupel, by means af a long pair 
of tongs, It quickly fuses; fumes of oxide of lead are seen rising 
from the cupels, but the greater part of the oxide is absorbed by the 
cupel, ond the silver is left behind in a state of purity. At 
the moment that the last portion of lead undergoes oxidation, 
the surface of the silver flashes, or lightens, as it is technically 
termed, owing to the cause already explained (753). This pheno- 
menon indicates that the process is completed. The button is 
allowed to cool very gradually, to prevent the lose of silver by 


Fo. 315. 
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A skilfal aesayer will generally be able at once to determine 
the comparative fineness of an article from its mere appearance, 
and will judge accordingly of the proportion of lead which it will 
require, Great care is needful in regulating the temperature of the 
furnace during the cupellation: if too high, a part of the silver will 
be lost by volatilization ; if too low, portions of lead and eopper are 
Tiable to be retained. When the assay is properly performed, the 
button is brilliant, well rounded, free from irregularities and some- 
what granular upon its surface: it is readily detached from the 
eupel. If the assay adheres strongly to the cupel, or is irregular 
in its outline, it retains a portion of alloy. 

(796) Assay of Silver by the Humid Process.—The results of the 
process of the assay by cupellation, even in experienced) hands, may 
vary as much as 2 parts in 1000: this circumstance imduced Gay 
Lussuc to contrive a different method, which is now adopted not ouly 
in the French Mint, but is employed in the Mints of Great Britain 
and the United States, as well asin almost all the Mints of Europe; 
it admits of an accurate estimate of the value of an alloy to 
within 0's in 1000. This process depends upon the precipitation 
of the silver in the form of an insoluble chloride, and the men- 
surement of the amonnt of a standard solution of chloride of 
sodium which is required to effect the complete precipitation of 
the silver in a given weight of the alloy. Chloride of silver 
easily collects into dense flocculi by agitation in a solution which 
is acidulated with nitric acid, and which contains no excess of 
soluble chlorides; #o that the exact point at which the precipitate 
ceases to be formed is readily perceived. 

A solution of common salt is prepared of such a strength, that 
tooo grains of it are exactly sufficient to precipitate 10 grains of 
pure silver. 10 grains of the alloy for examination are placed in 
a'stoppered bottle, capable of holding about 6 oz. of water, and by 
the aid of a gentle heat are dissolved in 2 drachms of nitric acid, 
of specific gravity 125: the solution of 
malt is then placed in a burette (fig. 316) 
capable of holding rather more than 1000 
gins, ‘The burette, when filled with the 
solation, is weighed before being used, and 
the liquid is added to the nitrate of silver 
in the bottle; when it is supposed that the 
‘silver is nearly all precipitated, the liquor 
is briskly agitated in the bottle, and the precipitate is allowed to 
subside ; a drop or two more of the solution of salt is then added: 
if a precipitate be produced, the liquid is again agitated ; and whe 
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clear, more of the solution ie added, as before, as long os any 
turbidity ix produced by the nddition. When a cloud ceases to be 
formed, the proportion of solution of salt which has been added, ix 
ascertained by weighing the burette a second time. The number 
of grains of the solution employed indicates the degree of finencas 
of the alloy, 
When, as in the assay of bars for coin, or for jeweller’s work, 
a large number of assays have to be exeeuted, all very nearly of unix 
form fineness, the ope- 
Dea: ration may be reduced 
to a system by which 
ite precision may be 
increased, at the same 
time that it is ren- 
dered much more easy 
‘of execution. For this 
purpose, two solutions 
of salt are employed : 
one, the afandard sole 
tion,containing in 1000 
gminsasufficient: 
tity of commercial eblo~ 
ride of sodium to pre= 
Cipitate 10 grains of 
silver ;* the seoumd so- 
lution, the decimal 
solution, having one- 
tenth of the strength 
of the first, and being 
prepared by diluting 
1 pint of the standard 
solution with 9 pints of 
water, These solutions 





® This sélation contains opprosinuatively sfe. ‘graine of ehoride of main 
in a gallons bat me A commercial salt cor ‘idk 
sac stevagth mast be determined by dissolving 10 motive silver in acid, 








wad preel Her it th the addition of 1000 grains. thoes solution, 
te n ameunt of ¢ extees oF sfceney of chloride in ve maaner about to be 
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tities at a time, and kept in stoneware jars, a, fig. 307, capable of 
containing 20 or 25 gallons; 4 is a small tube, which passes 
to the bottom of the jar, to admit air, whilst the liquid is drawn off by 
the stop-cock, ¢, without allowing any loss by evaporation; @ is a 
gange by which the quantity of liquid within is indicated. A series 
of bottles fitted with ground stoppers, and capable of 
about 6 fluid ounces each, are numbered consecutively from 1 
upwards; into cach bottle ro grains of the alloy for assay is weighed, 
a drachmsof nitric acid are ndded to exch bottle, which is placed in 
a shallow vessel containing water,and gradually raised to the boiling 
point; in ten minutes the allay is completely dissolved. 

The precipitation of the silver in the form of chloride ix them 
effected by the aid of the apparatus now to be described:—g, fig. 317, | 
isa glass pipette which can be filled with the standard solution, of | 
known temperature, ns indicated by the thermometer, ¢, ‘The | 
quantity of liquid introduced into the pipette is regulated by 
means of the stap-cock, ef, the peculiar construction of which is 
shown on a larger scale in fig. 318, in which & 
represents an ordinury stop-cock (constructed of 
silver to resist the action of the solution), ter- 
minating below in a long tube, ¢; at 0 is an 
opening for the escape of air, which can be closed 
at pleasure by the plug, a. Suppose it he desired 
to fill the pipette, g, fig. 3175 the lower opening 
of the pipette is closed by the fore-finger, the 
solution is admitted by opening the stop-cock, ¢, 
whilst the air escapes at f, which is open; as soon 
as the liquid has risen a little above the mark, m, 
‘both the stop-cock, e, and the plug at fare closed, 
and the finger is withdrawn. In this position the 
pipette will retain its charge for an indefinite time. ‘The apparatus 

at m/is intended to facilitate the exact emptying of 

the pipette; the tray, A i, slides easily between two grooves, in 
which its motion is limited by the stops, 2 and m; A is a com- 
partment for the reception of the assay bottles, #0 adjusted that 
when the tray rests against the stop, m, the pipette shall empty: 
itself into the bottle without wetting its neck; ¢ is another com~ 
partment for receiving the superfluous solution of salt, and & 
represents a piece of sponge, the object of which is to remove the 
drop which hangs to the Jower end of the pipette; the stop, J, is 20 
placed, that when the slide rests against it, the sponge just touches 
the lower extremity of the pipette. ‘The sponge, 4, having been | 


am 


Fro, 318. 
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‘bronght to touch the lower end of the pipette, the plug at. 
slightly relaxed to allow the air to enter, and a portion 
Tiquid jually to escape, until it has fallen exactly tothe mark, a, 
Te ae coat cad belkin ee 
the pipette, and on opening the plug at f to its full extent, the 
charge flows frecly into the bottle. 

Suppose now the object of the assay be to ascertain whether 
a certain number of bars be of the fineness of English standard 
silver, or if not, what is the amount of their variation from stan- 
dard. The pipette, g, is so graduated that when filled up to the 
mark, 7, it hall deliver exactly 922 grains of the standard solu« 
tion, which will contain a sulficient amount of common salt to 
precipitate o'22 grains of silver; a quantity which is purposely 
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seconds the solutions become clear, and the bottles are removed 
from the agitator, and transferred toa stand, behind which isa black 
hoard divided into ro numbered compartments, euch bottle being 
placed opposite the compartment which corresponds with its number: } 

‘The adjustment of the remaining portion of the assy is made by q 
means of the decimal solution. This is con- 


+ tained in a small bottle of 10 or 12 ounces in Fig. 320, K 
capacity, fig. 320, provided with a tube i 
or small pipette, 4, open at both ends, but 4 | 


drawn ont to a narrow aperture below. 
On this small pipette a mark, ¢, is made 
at a height corresponding exactly to 10 i 
grains of the liquid; 10 grains of this i 
solution containing sufficient chlorine to 
precipitate ocr grain of silver. 

‘The assayer now plunges this small _ 
Pipette into the decimal solution, and closing 
the upper opening of the tube with his fore- 
finger, partially withdraws it from the bottle and allows the liquid 
to escape until it stands exactly at the line of the graduation, ¢; 
he then transfers the pipette to the first bottle, and allows the 
solution to flow into it. The same operation is repeated with each 
assay bottle in succession. A mark is then made with a piece of 
chalk, opposite to cach bottle in which a precipitate is occasioned, 
These bottles are aguin replaced in the agitator, and shaken a 
second time; the solutions having thus again been rendered clear, 
are replaced upon the table, and a second pipette of the decimal 
solution is ndded to cach of the bottles in which a precipitate was 
first produced. ‘This operation is repeated until in each bottle no | 
further precipitate is occasioned, ‘The contents of the pipette, g, —* 
of the standard solution, which have been added to cach assay, 
Occasion a precipitate out of the 10 grains equal to 9°22, or of gaa 
parts out of 1000 parts of alloy, Each pipette of decimal solution 
is equivalent to ,,j,,th of fine silver in the alloy, and by counting 
the number of marks against cach bottle, reckoning the last only 
‘a8 equal to 4, since a portion of it probably remains in the liquid 
in excess, the assayer ascertains the value of each bar. If, for ine 
stance, two marks stand opposite to any bottle, the fineness of the 
bar will be more than 923, but less than 924, and may he reported: 
1&3 923°5. 

Pe iehu adi ince bi by bottles in which the addition of the 
first pipette of the decimal solution produces no precipitate, these , 
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The trumber of pipettes of the dccimal solution of salt which is re= 
quired to complete the precipitation is noted, and the value of the 
contents of the large pipette, g, is thus verified upon each occasion. 


Tf, for example, 24 pipettes were required for completing this pre- 
cipitation, the large pipette would deliver a quantity of the solution 
suflicient to precipitate g'225 grains on that day, instead of g:22, 
Any deviation from the calculated value is allowed for, and a cor- 
rection is made upon the assays by means of a table constructed 
for the 
Ibis easy to apply this apparatus to the assay of silver of other 
degrees of fineness ; but it is necessary to know approximatively 
the value of the assay, in order that a suitable weight of the alloy 
be dissolved in nitric acid. Suppose, for instance, a number of 
bars approximatively of the value of goo (the French standard), are 
to be assayed ; a piece of the assay, which contains approxima- 
tively 9-25 grains of fine silver, must be taken; the quantity re- 
BELG teeta pei aie nl pa | 
be inversely as its fineness; for goo : g25 +: 30 grs. : 10°277 Bre. 
Phe weight required in this case will consequently be 10°277 grains. 
Mercury is the only metal the presence of which interferes with 
the accuracy of the assay by the humid method ; but the process 
may be modified so as to give correct results even in this case, 
(797) Preparation of Fine Silver-—In order that the foregoing 
process shall be accurately performed, it is necessary to be provided 
with silver of absolute purity. ‘The following is the best method 
of procuring the metal in this condition. Standard silver is dis- 
solved in nitric acid ; the liquid is dilated and decanted or filtered 
from undissolved purticles of gold or sulphide of silver, and the 
solution is precipitated by the addition of a solution of chloride of 
sodinm in slight excess. The precipitate is washed in a large jar by 
subsidence, until the washings ure tasteless. ‘The chloride is then 
mixed with oil of vitricl, in the proportion of 3 ounces to each 
pound of chloride, and several bars of zine are placed in the mass; 
the sine speedily becomes converted into chloride of sine, which is 
dissolved, whilst the silver is reduced to the metallic state, and by 
a voltaic action the reduction gradually extends through the mass; 
Zn+AgCl=Ag+ZnCl. The mixture is not to be agitated. Tn 
about a week's time the decomposition is usually completed, Ifa 
portion of the reduced silver, after being thoroughly washed, i 
entirely soluble in nitric acid, the reduction ix complete, T 
of zinc, with the crust which adheres to them, 
removed, aud the reduced metal is digested for | 
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of nitrate of silver by the addition of potash. It is necessary to 
be aware of these facts, as it isa most dangerous substance, and 
might easily be produced unintentionally, Friction or pressure, 
even when under water, occasions it to explode: and when dry, 
its detonation often occurs without any assignable cause. Acids 
immediately decompose it into an ammoniacal salt, and the corre- 
sponding salt of silver. The composition of thia body, owing to 
its dangerous character, has not been determined, but 
it is generally supposed to be a nitride, similar to that which is 
obtainable from. 

‘Subowide of Silver (Ag,0).—If the citrate of silver be heated to 
212° in a current of hydrogen, the salt loses half an equivalent of 
oxygen, and a compound is produced which is sparingly soluble in 
water, forming with it a brown solution, from which, on the 
addition of potash, a suboxide of silver is precipitated. This com- 
pound is very unstable ; it is decomposed by acids aud by ammo- 
nia into protoxide of silver and metallic silver, 

Peroxide of Silver, (gO,), Bq. 124; Sp. Gr. 5°474—This 
compound is procured in dark grey acicular crystals when a 
dilute solution of nitrate of silver is decomposed by means of the 
voltaic current. The peroxide of silver accumulates upon the 
positive plate, but it always retains a certain quantity of unde- 
composed nitrate of silver. It is a conductor of the voltaic 
current. Acids decompose it, forming « salt of the protoxide, 
whilst oxygen gas escapes. Tt is also decomposed by ammonia, 
with effervescence, owing to escape of nitrogen. 

(800) Sulphide of Silver, (AgS), Bq. 124; Sp. Gr. 7°2.—This 
compound ix the principal ore of silver. It is found native, some- 
times crystallized in cubes or octoheden ; at other times massive. 
Tt has a leaden-grey metallic lustre, from which it derives its 
mineralogical name of silver glance. Sulphide of silver is isomor- 
phous with subsulphide of copper, and sometimes dieplaces it in 
certain minerals, such, for example, as polybasite, and fahlere or 
grey copper. 

Silver has a very powerful affinity for sulphur. The metal 
becomes tarnished owing to the formation of a’ film of sulphide 
if it be exposed to the action of sulphuretted hydrogen in the 
goscous state, even though largely diluted with air; and a black 
spot is immediately produced upon its surface by contact with a 
solution of an alkaline sulphide. Sulphide of silver may be pre~ 
pared by transmitting » current of sulphuretied hydrogen through 
solutions of the salts of silver, i a black precipitate ; 





or it may be obtamed 
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dilutedacids, It is taken up by boiling hydrochloric acid aud by 
strong solutions of the chlorides of metals of the alkalies and alkaline 
earths, with which it forms crystallizable double salts; they are 
decomposed if their solutions are diluted; advantage is taken of 
this cireumstance in the extraction of silver. (Note, p. 1028.) 

Chloride of silver melts at a temperature of uboat 500%, and is 
partially volatilized ; on cooling it forms a horny 
sectile mass. It is not decomposed’ when heated with carbon ; 
but is easily reduced by hydrogen, if it be heated in a current of the 
gas, hydrochloric acid and metallic silver being formed: xine, and 
iron, and many of the easily oxidizable metals also reduce moist 
chloride of silver. On the large scale this process is turned to 
_ account in the refining of silver (797). It is not necessary that 

the chloride of silver be freshly es ited) ose if it be, 
the operation is more rapid: if a eake of the fused chloride 
reper apteramnt tinal: pedttarniie 63 
will after some days be completely reduced to a spongy mass of 
metallic silver. 

‘Weak alkaline leys do not act upon chloride of silver, but if a 
concentrated solution of potash be boiled upon it, chloride of potas- 
sium is formed, and a dense black oxide of silver is produced 5 
the addition of sugar to this mixture reduces the oxide rapidly to 
the state of metallic silver. Ammonia dissolves the chloride 
freely, and deposits it again by evaporation in the cold, in transpa- 
rent colourless crystals; if boiled, fulminating silver is deposited, 
‘When ignited with the alkaline carbonates, chlorides of their bases 
are formed and pure silver is left: this reaction furnishes a 
means of procuring large quantities of silver in a state of purity; 
AgCl+ NaO, CO,=NaCl+CO,+O+Ag. Chloride of silver is 
soluble in solutions of the hyposulphites, forming compounds of 
an intensely sweet taste: by evaporation crystalline double hyposul- 
phites may be procured (348). Cyanide of potassium likewise dis- 
solves chloride of silver, forming chloride of potassium and a 
donble cyanide of silver and potassium. The soluble sulphites also 
dissolve chloride of silver. 

Subehloride of Silver, (Ag,Cl), may, bei obtained 8 lbemeeiaie 
leaves of pure silver in chloride of eopper or of i 
it forms black scales which are not acted upon by nil , 
are resolved by ammonia into the chloride and metallic silver. 

(80a) Jodide of Silver, (Agl, Eq. 235), is found in Mexico, mixed — 
with carbonate of lime, native silver, and sulphide of lead. Ttmay 
be procured artificially by precipitating the nitrate by iodide 
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NITRATE, AND VHOSPILATES OF SILVER, 


anhydrous tables, which high eqs an equal weight of cold water: for 
solution. Boiling alcohol also dissolres about a fourth 





weight of the salt, but deposits most of it on cooling. The nitrate 
fases when heated, and if then east into cylindrical moulds, it forms 
the sticks of Junar caustic employed by surgeons Sie: 
By a more elevated temperature it is aeeeeeiaal ‘metallic 
silver is left. 

Nitrate of silver, when pure, undergoes no change by the 
action of light; but it is readily decomposed by the combined 





a good formula for the preparation of 
drachms of nitrate of silver 
drachms of water, and colour 


Mbe,biack stains of uitrate.of silver way be removed trow the 
hands or from linen by the employment of a strong solution of 
iodide of potassium, or more casily by cyanide of potassium, 

When metallic silver in fine powder is digested in a solution 
“of nitrate of silver, it is dissolved, and a yellow solution is formed 
analogous to that obtained when lead is similarly treated (766). 

(805) Triphosphate of Silver, (3 AgO, PO,; Eg..420 ; Sp. Gr. 
7321), is of a yellow colour, which is speedily changed by the action 
of light, ‘The salt is very soluble in excess both of nitric acid and 
ofammonia. It is easily procured by precipitating a solution of the 
ordinary phosphate of soda by one of nitrate of silver; it fusea 
if heated above redness. The pyrophosphate (2 AgO, PO,) is ob- 
tained in like manner by precipitating the nitrate of silver by pyro- 
phosphate of soda ; it is a white precipitate, slowly changed by light, 
and is easily fusible. The metaphosphate (Ag, PO,) is also obtained 
by precipitation from the nitrate of silver by the metaphosphate 
of soda forme a gelatinous mass which softecs even <F'e heaton 
212°, and is soluble in excess of nitrate of silver. If boiling water 
be poured upon this precipitate, it fies ; acid is removed, and a 





(806) Cuanacrers or tite 
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aqucezing it through chamois leather. It is this amalgam which 
is formed during the extraction of gold from its ores; it is also 
extensively prepared for the purposes of gilding. My. Henry 
obtained a combination of mereury with gold (Au, Hg) crystallized 
in brilliant 4-sided prisms by acting with dilute nitric acid, aided 
by a gentle heat, upon an amalgam of gold containing about + part 
of gold to 1000 of mercury. ‘These crystals are insoluble in nitric 
acid. 

(813) Adoys of Gold—The ductility of gold is much impaired 
patieging ih ethene though its hardness and sonorous 


combine with the metal, and remains disseminated through it in 
distinet grains after the gold has been melted. ‘These grains ocea- 
sion much inconvenience ; they often escape notice yntil the metal 
passes through the coining press, where they make themselves 
@pparent by their hardness, and by the injury which they con- 
sequently inflict upon the dies. 

Silver and gold may be alloyed in all proportions. In the 
arts it frequently becomes necessary to separate these two metals, 
and this is usually effected by the method termed guartation, or 
parting, This operation depends on the solubility of silver in 
nitric acid, and the insolubility of gold in this liquid. It is 
necessary that the silver should amount to at least three times the 
weight of the gold, otherwise portions of silver would be mechanically 
protected from the action of the acid, and the separation would be 
incomplete. If, therefore, the alloy be found to contain more 
than { of its weight of gold, suflicient silver ie added to reduce it 
to this proportion, and hence the origin of the term ‘ quartation.’ 
The metals are fused together, granulated by being poured into 
water, and they are then digested in the acid. 'The gold is after. 
wards melted into ingots, the silver is precipitated as chloride, 
by common salt, and the chloride is reduced cither by sine (797) 
or by fusion with an alkali (801). Sulphuric acid may be sub- 
stituted for nitric acid; it is quite as effectual in dissolving the 
silver, and is much cheaper (803). 

‘The most useful alloy of gold is that which it forms with 
copper ; it is considerably more fusible than pure gold, but is loss 
ductile ond malleable. It is this alloy which is used for coinage, 
English stenBard gold gontalan 5.59: Pes eete Se eae 
of gold to s of copper. The pestle, amavis this mixture is 
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ASSAY OF GOLD, 1055, 
contains about an ounce of nitric acid of sp. gr. 1180, heated 
nearly to the boiling pot. Brisk cyolution of nitrous fumes 


immediately ensues; the silver is gradually dissolved away, and 
the gold is left in the form of the original cornet, as a brown, 
porous, very brittle mass. After this first boiling has been con- 
tinued for ro minutes, the flask is removed from the fire, the acid 
solution is poured off, and the cornet is washed by carefully pour- 
ing distilled water upon it; which, after standing for a couple of 
minutes, is again poured off, Some traces of silver are, however, 
still retained by the gold, and, in order to remove these, the 
cornet is again boiled with nitric acid, which, this time, must be 
ofsp. gr. 1-280. In this second boiling, which must be continued 
for 20 minutes, a small fragment of charcoal should be introduced 
into the flask, in order to prevent the ebullition from taking place 
irregularly, with sudden bursts, as it is very apt to do if thie pre- 
caution be neglected. 

The acid having been poured off, the flask is filled up com- 
pletely with distilled water. A small smoothly finished porous 
clay crucible is placed over the mouth of the flask, and the flask 
and crucible ure inverted, so that the cornet shall fall gently 
through the water into the crucible; by a dexterous movement of 
the hand, the flask is then withdrawn in such a manner as to pre= 
vent the overflow of any liquid from the little crucible: the water 
is afterwards carefully poured off from the cornet, and the crucible 
is heated to redness in the muflic, By this means the gold, 
though it is not fused, ie rendered much more compact ; it shrinks 
in bulk, loses its brown appearance, and assumes the peculiar 
colour and lustre of the metal. When cold, the cornet is weighed 
with the same precision as the original alloy. ‘The assayer calls 
the arbitrary weight of the alloy upon which he operates 1000 ; his 
weights are ull subdivided ao as to give him the value of the alloy 
in thousandths of this original quantity; eo that if he find a 
portion of the alloy which originally weighed 1000 of these 
arbitrary units, ta yield a quantity of gold equal to 916} of 
these parts, he reports it as 916°6. 1oco ounces of such an 
alloy would contain 916°6 ounces of fine gold. 

‘The amount of alloy upon which it is most convenient to 
operate in assaying is half a gramme, or between 7 and 8 grains. 

‘The gold contained in the cornet ix never absolutely pure; it 
retains a small quantity of lead and of silver, and frequently also 
traces of copper, which render its weight a little higher than it 
ought to be, In order to ascertain the amount of this exror, a 
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The protowide (AnO, Eq. 204°6), is obtained as a dark green 
“dll Sie dra eal pi chal by adilute solution 

of potash ; it is slightly soluble in excess of the alkali: when 
digested with ammonia it forms fulminating gold. Protoxide of gold 
undergoes a kind af solution in pure water, and passes through 
the filter; but boiling the solution aftcr adding any saline com- 
pound causes its precipitation, 

Teronide of Gold; Auric Acid (AuO,), Eq. 220°5.—This 
compound is best obtained by decomposing a solution of the ter- 
chloride of gold by magnesia, for if the alkalies be used, they 
adhere strongly to the precipitate ; it falls in combination with the 
earth, which may be removed by means of dilute nitric acid, aud the 
oxide of gold remains as a yellow hydrate, if the acid used be weak, 
or as a brown anhydrous oxide if strong ; it is very readily reduced 
by exposure to light, and at a temperature of about 470° it is 
resolved into metallic gold and free oxygen. Tt is taken ap by 
stroug nitric and sulphuric acids, but no trac salts are formed ; 
the oxide is deposited again from these solutions in a pure state 
on dilation. ‘Teroxide of gold is dissolved by hydrochloric, 
hydriodiec, and hydrobromic acids, forming terehloride, teriodide, 
and terbromide of gold. 

When hydrated it readily combines with the alkalies, forming 
salts that have been termed aurates, which dissolve in water, 
and form yellow solutions, urate of potash crystallizes in 
yellowish needles, (KO, AnO,6 aq). The compounds of auric acid 
with the earths and other metallic oxides are in most cuses 
insoluble. 

Auric acid forms with ammonia a dark olive-brown falminat- 
ing compound, analogous to that furnished by silver (799); the same 
compound may be formed by adding ammonia to the terebloride, 
‘but in this case it is of a reddish-yellow colour, owing to the 
admixture of a little ammoniacal subehloride of gold. 

(816) Bisulphide of Gold, (AuS,), Eg. 228°6.—When a current 
of sulphuretted hydrogen is transmitted through a solution of ter- 
chloride of gold, a black precipitate is produced, whicb, according 
to Levol, is a bisulphide. It is soluble in the solutions of the 
sulphides of the alkaline metals : with sulphide of sodium it forms a 
colourless salt which is soluble in alcohol; it crystallizes in 6-sided 
prisms, consisting of (NaS, AuS, 8 HO; Col. Yorke), the bisul- 
phide of gold having been converted into the protosulphide, whilst 
the second equivalent of sulphur has entered into combination with 
the excess of the alkaline sulphide(Quart, Joura. Chem. Soc., i. 242). 
If finely divided gold be heated with sulphur in contact with ear- 
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PURPLE OF CASSIUB—TESTS YOR GOLD. 1030. - 


posed terchloride; boiling water converts it into the terchloride 
and into metallic gold, and 2 similar change is produced by expos- 
ing it to light. If the temperature be raised a little beyond 400°, 
the whole of the chlorine is expelled. 

A terbromide of gold may be formed ; it crystallizes easily. 

‘There are two iodides of gold corresponding to the chlorides, 
‘The protoiodide is a pale yellow insclable powder, ‘The teriodide 
is soluble, and forms double salts with the alkaline iodides. 

(818) Purple of Cassius —When » mixture of protochloride 
and perchloride of tin very much diluted is added drop by drop to 
‘a dilute neutral solution of terchloride of gold, a focculent purple 
deposit takes place. ‘The true nature of this compound hns been 
the subject of much discussion. Berzelius concludes from the 
researches of M. Figuier (Ann. de Chimie, IIL xis 354) that it 
consists of a hydrated double stannate of gold and tin, (AuO, 
Sn0, + SnO, SnO,+4 ag). The same compound is readily 
formed by digesting metallic tin in a neutral solution of terchloride 
of gold; metallic gold and the purple of Cassius being formed. 
Parple of Cassius undergoes a sort of solution in pure water, and 
pases through the filter, but it is separated on adding « salt to 
the liquid and boiling it. Tt is soluble in ammonia, forming a 
deep purple solution, and is deposited unchanged if the ammonia 
be expelled by heat, or neutralized by an acid, Purple of Cassius 
is decomposed by the acids, but is not changed by the action of 
light. If heated to redness, water is expelled, and a red powder 
is left, which is a mixture of metallic gold and peroxide of tin. 
Purple of Cassius, when mixed with a little borax or some fusible 
glass, and applied to the surface of china, imparts to it a beautiful 
rote or a rich purple colour. The red glass of Bohemia owes its 
colour to this compound. 


(819) Cuanscrens ov tux Sauts or Gouv.—The salts of gold 
are recognised by the brown precipitate of metallic gold produced 
by protorulphate of iron in their neutral solutions; and by the for- 
mation of the purple of Cassius ou adding to them a mixture of 
protockloride snd perchloride of tin. Metallic tia yields the 
same precipitate and is a still more delicate test. Salts of gold 
are reduced to the metallic state by boiling their acidulated sola- 
tions with a soluble oxalate or sulphite, Subnitrate of mercury 
ale aren eS ore Se 

gold are decomposed when ignited in the open air. 

(820) Extimation of Gold.—Gold is always estimated in the 
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part of the water drains off, and the whole is then subjected to the 

| action of « very powerful press, ‘The mass which previously was 
of a dull grey colour, now assumes a compact metallic appearance, 
and acquires a specific gravity of about 10; it is next expoeed to an 
intense heat in a wind furnace, and the ingot is forged by hammer. 

| ‘ing it upon its two ends,—never upon its sides, as if this were 
done it would split. This heating and forging is several times 
repeated until it becomes homogencous and ductile; it then has 
& specific gravity of about 21°5. 

(822) Properties.—Platinum is a white metal susceptible of 
high lustre, and possessed of considerable hardness. Tn 
it rivals iron and surpasses all other metals, and in tenacity it is 
inferior only to iron, and perhaps copper. It resists the highest 
heat of the forge, and can only be fused by the voltaic battery or 
by the oxyhydrogen blowpipe, before which it is volatilized and 
burns with scintillations. ‘The process now employed for working it 
depends upon its property of welding at very high temperatures. 
Attempts to crystallize it artificially have not succeeded, but very 
perfect octohedra have been met with in its native beds. Its 
specific gravity differs somewhat with the mode of manipulation to 
which it has been subjected, but it varies between 2x and 22, being 
(with the exception of iridium, which is equally dense), the heaviest 
form of matter as yet known, Tn its power of conducting heat 
and electricity it is much inferior to gold and silver, in these 
respects ranking very near to iron. 

Platinum does not undergo oxidation in air at any temperature 5 
none of the acids have singly any effect upon it; aqua regia dis- 
solves it, though but slowly. If heated to redness in air in contact 
with the alkalies o alkaline earths, especially with lithia or buryta, 
it is corroded, owing to the formation of an oxide which com- 
bines with the alkaline base, When phosphorus is heated with 
spongy platinum, combination takes place between them readily. 
‘The affinity of sulphur for platinum is much less powerful. 
chlorine is without action upon this metal, even when aided by heat. 

(823) Platinum may be obtained in a state of subdivision still 
finer than that in which it is left on heating the double chloride 
of platinum and ammonium. In this form. it has the appearance 
of soot, and is termed platinum black. It may be procured in this 
condition by dissolving the protochloride of platinum ina 
solution of caustic potash, and adding alcohol to the hot liquid which 
is placed in a capacious yessel, and kept constantly stirred: brisk 
cffervescence takes place, owing to the escape of carbonic acid; the 
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Platinum enters into combination with carbon and with silicon 
sometimes in the combustion of ordinary platinum wire before the 


resulting silica, Sree aera ret Ralegice — 
silicon was accidentally obtained by Professor Daniell, owing to 
aheearaseeame e oletee ier ess the plati- 
num bars of his pyrometer, Te nepal aes formed by a kind 
of cementation, the silicon being derived from the elny of the 
enyelope in which it was heated: the proportion of silicon 
‘amounted to 1°5 per cent. 


solution with sulphuric acid, a black hydrated protoxide of plati- 
num subsides. It is slowly dissolved by ncids forming unstable 
salts with them, and is readily decomposed by heat. 

The Binowide (PtO,, Eq. 114°5), has a strong tendeney to 
combine with alkaline bases ; it is therefore prepared by adding toa 
solution of nitrate of platinum one half of the quantity of carbonate 
of soda which is necessary for its complete precipitation. Tt is thus 
procured as a voluminous brown hydrate, from which water is 
expelled at a gentle heat, and the mass becomes darker; a higher 
temperature expels the whole of the oxygen. Hydrated oxide of 
platinum is soluble in solutions of potash and soda ; the compounds 
thus formed may be obtained in erystals. The soda compound 
consists of (NaO, 3 PLO, +6 6a) Binoxide of platinum also enters 
into combination with other bases, forming compounds most of 
which are insoluble. 

The oxide is also soluble in acids, and forms well charac- 
terized salts, the solutions of which have a yellowish-brown colour. 

(826) Sulphides of Plativum.—Platinum combines with sulphur 
in two proportions. "The protosuiphise (PtS) may be obtained as a 
black precipitate by passing sulphuretted hydrogen over moistened 
protochloride of platinum; by heating sulphur with the double 
Tn eR SS pe ee ta ak eee 

motallic appearance, from which the sulphur is completely expelled 
Labrwlep lestecrn ie 

‘The Bisulphide (P(S,) is best procured by decomposing the 
double chloride of sodium and platinum by sulphuretted hydrogen ; 
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DASES DERIVED FROM THE CHLORIDE OF PLATINUM. 1065. 


platinum from the other motals with which it is associated, after 
they have been brought into solution by treating the ore with 
aqua regia (821). When the donble chloride of platinum and 
ammonium is ignited, the ammonia and chlorine are wholly ex- 
pelled, and pure platinum remains. 

(828) Ammoniacal derivatives from the Chlorides of Platinum. 
—The action of ammonia upon the chlorides of platinum gives 
Tise to the formation of several remarkable compound bases, the 
composition of which offers considerable interest in a theoretical 
point of view. Magaus found that if the protochloride of platinum 
be dissolved in hydrochloric acid, the addition of an excess of am- 
monia to the boiling solution causes the deposition of brilliant 
green acieular crystals which are insoluble in water and in hydro- 
chlorie acid: they consist of the elements of 2 equivalents 
of protochloride of platinum and 2 equivalents of ammonia 
(P,CLN,H,). This compound, however, undergoes no change 
when digested at ordinary temperatures in eolations of the caustic 
alkalies, or in the concentrated acids, but when boiled with them it 
is slowly decomposed. If digested in nitric acid, one half of the 
platinum is separated in the metallic state, and on evaporating the 
solution, a salt is obtained crystallized in small flattened prisms 
(PtCl, 2 H,N, O)NO;, Neither the chlorine nor the platinum 
can be detected in this solution by the usual tests. The nitric 
acid may be displaced from it by double decomposition with sul- 
phate, phosphate, or oxalate of soda, and a sparingly soluble 
sulphate, phosphate, or oxalate of the base is then formed. The 
base of these salts (commonly called Gros’s salts, from the name 
of their discoverer) has not been isolated. 

Raeweky discovered that if the green salt of Magnus be boiled 
with an excess of nitric acid, red fumes are disengaged, and a dif+ 
ferent salt is formed, which may be obtained in crystals on eva- 
poration. ‘The nitrie acid may be displaced from this compound 
by an equivalent quantity of oxalic or carbonic acid. 

It would only perplex the student to detail the methods of pre- 
paring the various compounds of this class, which subsequent in- 
quiries have brought to light; indeed, the examination of these salts 
is yet far from complete. "The following table contains the formulae 
of the principal series which hare been ascertained to exist ;+— 


* The following papers es 
28; Bens es aig eiamel Te areca Tenens 
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(829) The Bitromide of Platinwn is a brown insoluble powder. 
A Biniodide of Platinum is precipitated os a sparingly soluble 
powder of a deep wine-red colour, on adding iodide of potassium 
to a dilute solution of chloride of platinum. 

Fulminating platinum is procured as an insoluble black powder 
by precipitating the sulphate with an excess of ammonia. ‘The 
acids decompose it with formation of ammoniacal salts. If sud- | 
denly heated to about 400” it explodes. The pervulphate of 
platinum may be formed by treating the bisulphide with fuming | 
nitric acid, and heating, to expel the excess of nitric acid. The { 
pernitrate way in like manner be formed by digesting the bin- 
oxide in diluted nitric acid; both these salts form insoluble double | 
subsalts on the addition of an alkali. 


(830) Cuanacrens or tHe Sats or Pratixum—The protos 
salts of platinum are unimportant. Of the persalts of platinum | 
the bichloride is the only soluble compound of frequent occurrence, 
‘These salts are distinguished by the following characters. When 
heated they are all decomposed, and leave a residue af metallic 
platinum: they have a brownish-ycllow colour in solution. With 
potash, or with any of its salts, they give a yellow precipitate of 
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PROPERTINS OF PALLADIUD. 1069, 


in nitric acid, by which all the metals except the gold are brought 
into solution, ‘The decanted liquid is then to be mixed with « 
solution of common salt by which the whole of the silver is thrown 
down in the form of chloride. Palladium with the other metals 
{which consist principally of copper, with some lead and iron,) atill 
remuins dissolved, Bars of metallic zine are introduced into the 
liquid, and these metals are precipitated upon the zine in the form 
of a black powder, consisting of reduced metal. This precipitate 
is washed, and redissolved in nitric acid, suporeaturated with am- 
monia, which dissolves the oxides of palladium and copper, while 
those of iron and lead are precipitated: the clear liquid is now 
supersaturated by hydrochloric acid. Palladiam is thus thrown 
down in the form of a yellow, sparingly soluble double chloride of 
palladium and ammonium ; by ignition it is reduced, and agglu- 
tinates, but does not fuse, A small quantity of palladium still 
remains in solution, and may be recovered by the introduction of 
bars of irom 

Palladium is a white, bard metal possessed of considerable 
ductility and tenacity, It is not fusible in an ordinary wind 
furnace, but melts at a lower temperature than platinum. Before 
the oxyhydrogen blowpipe it burns with scintillation. Tt under- 
goes no change in the open air at ordinary temperatures; but at a 
low red heat it becomes covered with an iridescent film owing 
to a superficial oxidation; on increasing the heat, the oxygen 
is expelled, and the metal resumes its brilliant surface. Palla- 
dinm is dissolved when heated in nitric acid or in aqua regi 
hut it is acted upon by the other acids with difficulty, By fusion 
with nitre or with the alkalies it is oxidized. If a solation of 
iodine in alcohol be evaporated on a slip of palladium a stain is 
left, by which this metal is at once distinguished from platinum, 
Palladium readily combines with gold, which is rendered brittle by 
its presence even in small proportion. It has a remarkable pawer of 
whitening the colour of gold, even though present in the mix- 
ture only in small quantity ; and when it forms 20 per cent. of the 
mas, the alloy is quite white, If alloyed with twice its woight of 
silver it forma a ductile compound which is well adapted for the 
construction of small weights, Palladium has been applied in 
few cases to the construction of graduated scales for astronomical 
instruments, for which, by its whiteness, hardness, and inalterability 
in air, it is well adapted. 

(833) Owides of Palladium.—This metal appears to form 4 
oxides; a protoxide, which is the base of the salts of the metal ; 

Se 








hydrosulphate i 
black sulphide of palladium, insoluble in the alkaline sulphides. 
Concentrated solutions of the salts of ium are reduced by 
solution of profosulphate of iron, and by many of 
Protochloride of tin produces a black precipitate, which is dissolved 
by hydrochloric acid, forming an intense grecn solution, 
Palladium may be separated from all other metals, except 
copper and lead, by the addition of the cyanide of mercury to the 
solution previously neutralized by means of carbonate of soda, 


§ VI. Baopiom, 
Symbol, No ; Equivalent, 52°16; Specific Gravity, 12. 


is then decomposed by acidolating the solution with hydrochloric 
acid, adding common salt and evaporating to dryness; the chloride 
ofsodium thus forms double chlorides with all the metals in solu- 
tion ; the residue is treated with alcohol, which dissolves all these 
donble salts, except that of sodium and rhodium, which remains 
behind as a red powder ; this is dissolved in water, and the rhodium 
thrown down in « pulverulent form by means of bars of metallic 
zim. The chloride of sodium and rhodium may aleo be decom- 
posed by heating it in a current of hydrogen gas, when, on wash- 
ing the mass with water, the rhodium is left in a pulverulent form, 

Rhodium is a very hard, white, and brittle metal ; with the 
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ANALYSIS OF TEATINUM RESIDUES. 


‘Fose-coloured solutions ; they are decomposed by #ron or zine, which 
eauses a deposit of metallic rhodium. Potash occasions a pre- 
cipitate of yellow hydrated oxide, soluble in the excess of the 
alkali, Todide of potassium throws down a yellow iodide of 

. Sulphuretted hydrogen slowly forma a brown precipi~ 
tate insoluble in the alkaline sulphides. The soluble sulphites 
give a pale yellow precipitate. 


§ VIL. Reruesros, 
Symbot, Ru; Equivalent, 52°11; Specifle Gravity, 86. 


(839) Treatment of the Platinum residue.—After the platinum 
ore has been exhausted with aqua regia, a residue is obtained 
which frequently contains both titaniferous iron and chrome iron ; 
‘but its most important constituent is an alloy in flat plates or 
scales, of a white colour and metallic lustre. ‘This is usually con- 
sidered to be an alloy of osmium and iridium. Tt has, however, 
recently been found to consist of four metals—viz., osmium, iridium, 
ruthenium, and a small quantity of rhodium, 

remy hos lately simplified the method of separating the 
different metals contained in this residue; and for this purpose 
he avails himself of the oxidability of osmium and the volatility 
of its peroxide. His mode of proceeding cousists of x process of 
roasting the alloy in a curreut of dry air (Chem. Gaz., 1854, 
p. 241). For this purpose the residue is placed in a poreclain or 
platinum tube, and hested to redness. In the portion of the tabe 
which projects from the furnace some fragments of porcelain are 
placed, and the tube is connected with a series of glass flasks for 
the purpose of condensing the asmic acid ax it distils; in the last 
flask a solution of potash is placed, in order to retain such portions 
of osmic acid as may have escaped condensation ; and this flask ix 
connected with an aspirator, by means of which a current of at- 
mospheric air is maintained through the apparatus. The air ix 
dried, and freed from organic particles before it enters the heated 
tube, by causing it to pass through tubes filled with pumice moist- 
ened with sulphuric acid. Daring the operation the osmium and 
ruthenium become oxidized. The osmic acid condenses in 
beautiful needles Ss eitoa baal ae ea 
the oxide of ruthenium, which is deposited upon the fragments of 
porcelain in regular crystals. 

Tho fied trie const of an alloy of isin ane odio 
mixed with a little osmium and ruthenium. ‘This is to be fused 
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solutions of the sesquichloride, leaving a supernatant liquid of a 
eas cine eee Liyang ca Ge nasa ientetieseeee 
of the metal ; this reaction is very delicate, and characteristic of 
ruthenium. Metallic zinc also reduces the yellow sesquichloride 
to the blue protochloride. Formiate or owalate of soda, if boiled 
with salts of ruthenium, renders the solution colourless, but does 
not occasion any precipitate of reduced metal. 


§ VIET. Oswiom. 
Symbol, Os; Equivalent, 99°41. 


(841) Ossres may be obtained in the metallic condition by 
several processes. One of the simplest consists in treating osmic 
acid (OxQ,) obtained by Fremy’s method (839) with hydro- 
chiloric acid and metallic mercury. Calomel is thus produced by 
the decomposition of the suboxide of mercury, which is formed at 
the expense of the oxygen contained in the oxide of osmium ; 
080, +8 Hg-+4 HCl=Os +4 (Hg.Cl) +4 HO, The water and the 
superfluous acid are expelled by evaporation to dryness, and on 
heating the residue in a small porcelain retort the excess of 
mercury and calomel are driven off, leaving pure osmium in a pul> 
yerulent form. In this finely divided state, it takes fire when 
heated in the open air, and is dissolved by strong nitric acid, or 
by aqua regia, being converted into osmic acid. After ignition, 
however, it is no longer soluble in the acids, and is neither volatile 
nor fasible. The specific gravity of osmium in the pulverulent 
form is abont 10. Tt would no doubt be higher if it could be 
obtained in compact masses. ‘The specific gravity of the alloy of 
osmium and iridium, which contains nearly half its weight of 
osmium, is about 21. 

Osmium differs remarkably from the other metals of this 
group, and presents more analogy with arsenic and antimony than 
with the noble metals. 

(842) Five owides of osmium are known ;—Os0, 0s,05, Os0,, 
0204, 030, The protowide is of a dark green colour, it is soluble 
in acid, and forms green xalts. ‘The sesyuiowide has not been 
isolated; it forms yellow unerystallizable salts. The binowide is 
black. "The feroide possesses the characters of n weak acid ; it 
cannot be isolated, but it forms a crystalline compound with 
potash (KO, OsQ,, 2 HO) which is sparingly soluble, This oom~ 
pound furnishes a good source of pure osmium. It is easily 
obtained by the addition of a little alcohol to a solution of the per- 
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$ 1X. Tawien. 
Symbol, Ir; Equicalent, 93-55. 


(844) Iniprust is occasionally found native and nearly pare in 
considerable masses among the Uralian ores of platinam, but it 
usually occurs combined with osmium as an alloy in fint scales. 
Tridium appears to be dimorphous, as it is found crystallized both 
in cubes and in double 6-sided pyramids (G. Rose). In onder to 
obtain the metal in the separate state, Wéhler recommends the 
powdered alloy to be intimately mixed with an equal weight of finely 
powdered fused chloride of sodium, and the mixture to be heated 
to dull redness in a glass tube through which a carrent of dry 
chlorine is transmitted as long as it is absorbed. The alloy is 
decomposed by the chlorine; double chlorides of iridium and 
sodium, and of osmium aud sodium are thus formed. They are 
dissolved in boiling water, and are thus freed from the insoluble 
portions. ‘The solution is then concentrated, and the salt so obtained 
is mixed with nitric acid and distilled ; the double salt of osmium 
is thus decomposed, and osmie acid is formed, whilst the iridium 
salt remains in the liquid : the osmic acid being volatile, is expelled 
daring the distillation ; the addition of muriate of ammonia to the 
concentrated solution in the retort produces a precipitate of the 
double chloride of iridium and ammonium, which, upon ignition, 
yields metallic iridiam, The metal, however, if obtained thus, is 
liable to be contaminated with ruthenium. It is preferable to 
adopt Fremy’s method of procuring the double chloride of iridium 
and potassium (839). This salt may be decomposed by ignition in a 
current of hydrogen; the chloride of potassium may be 
by washing with water, when the iridiam is left in the form of a 
finely divided powder. 

Tridium is a very hard, white, brittle metal, which is infusible 
except by the heat of the voltaic current. If heated in a finely 
divided form in the open air it absorba oxygen, but if in mass it 
romains unchanged by exposure to heat. In its isolated form it is 
‘unacted on by any of the acids or by aqua regia, but when alloyed 
with platinum is readily dissolved by aqua regia. Pulveralent iri- 
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of a reddish-black colour (KCI, IrCl,), consisting of bichloride of 
iridium and potassium, is formed, It may be dissolved in boiling 
water, and ix deposited in octohedra on evaporating. Tt corro- 
sponds in composition to the platinum salt, with which it is 
isomorphous. A similar salt of sodium may be formed in the 
same manner, by substituting chloride of sodium for chloride 
of potassium: it is frecly soluble. Bichloride of iridium forms « 
Similar salt with sal-ammoniac, which possesses a very intense 
colouring power, and produces a dall brown solution even when 
much diluted. Bichloride of iridium, when heated with ammonia, 
forms a scries of compound bases analogous to those furnished by 
platinum, M. Claus considers that the compounds formerly 
deseribed as containing teroxide and terchloride of iridium were 
really compounds of ruthenium. 
‘The salts of iridium have been but incompletely examined, 


CHAPTER XVIII. 


ON SOME CIRCUMSTANCES WHICH MODIFY THE OPERATIONS OF 
CHEMICAL A¥PENITY, 


(847) Is the first part of this work an outline was given of 
the leading characters of the most important varieties of mole- 
cular and polar forces, as viewed in their simplest conditions. Tn 
the second portion of the work the attention of the reader has 
hitherto been directed principally to the results produced by the 
exertion of chemical affinity in the formation of the various com- 
pounds of inorganic origin, without reference to the effects of other 
forces which may have concurred in their production. It will, 
however, now be advisable to trace the influence exerted upon the 
operation of chemical affinity by the co-operation or antagonism 
of elasticity and cohesion, of adhesion, and of light, heat, and 
electricity. Cases in which the chemical decomposition of one 
substance by another is due simply to differences in the degree 
of chemical affinity are much less numerous than might at first be 
imagined. ‘The displacement af ne metal by another from its 
solutions, such as that of silver by mereury, of mercury by copper, 
of copper by Jead, and of lead by zine (7, 5), furnishes some of the 
‘best examples of this kind ; and similar instances are afforded by the 
displacement of one base by another inaoluble base; as when oxide 
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‘that its important influence in facilitating chemical combination 
is due. The force of cohesion amongst the component particles 
‘of the bodies dissolved is balanced by their adhesion to those of 
‘the liquid, and the particles of the substance in solution being free 
to move in any direction, easily obey the force of affinity. 

‘The important influence of cohesion in preventing chemical 
action, and the manner in which the force of adhesion, as displayeit 
in the production of solution, may act in favouring chemical action, 
are well exemplified by the action of nitrie acid upon carbonate of 
baryta, Nitrate of baryta, although soluble in water and dilute 
nitric acid, is not soluble in the concentrated acid; when, there. 
fore, concentrated nitric acid is poured upon finely powdered car- 
bonate of baryta, it occasions but a slight effervescence, which 
apeedily comes to an end, although the acid may be in large excess, 
If the liquid be diluted with a small quantity of water, a brisk 
effervescence is temporarily renewed, but again soon ceases; on a 
farther addition of water, a fresh effervescence occurs, and when 
the acid has been diluted with 8 or to times its bulk of water, the 
whole of the carbonate of baryta is decomposed and dissolved. 

For a similar reason, alcoholic solutions of acids are without 
action on the carbonates, unless the resulting salt be soluble in 
alcohol. A mixture of tartaric acid and alcohol will not decom. 
pose the carbonate of potash. Hydrochloric acid, dissolved in 
alcohol will not decompose carbonate of potash, but will decom- 
pose carbonate of lime, An alcoholic solution of nitric acid 
decomposes carbonate of lime, but not carbonate of potash. The 
tartrates are insoluble in alcohol, so are chloride of potassium and 
nitrate of potash, but chloride of calcium and nitrate of lime wre 
solved by alcohol freely. 

(850) Influence of Elasticity—In the nomerous instances in 
which two salts mutually decompose each other, frequent 
are afforded of the results produced by the interference of other 
forces with that of chemical affinity. ‘The action of sulphate of 
ammonia and carbonate of lime is a case in point. If these two 
salts be mixed in a dry state, at ordinary temperatures, they do not 
appear to act upon each other; but if subjected to the influence 
of a gentle heat, a double decomposition occurs, carbonate of 
ammonia and sulphate of lime are produced ; the volatile carbonate 
of ammonia is expelled, and by the aid of the force of elasticity, 
it is removed from the mixture ; CaO, CO,+ HNO, SO, yielding 
HL,NO, CO,+Ca0, SO}. But suppose a solution of sulphate of 
lime to be mixed with one of carbonate of ammonia, the effects are 
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if boracie acid be fused with sulphate of soda, borax is produced, 


have a focbler affinity for bases than sulphuric acid, but which 
support a red heat without experiencing volatilizntion, such as the 
phosphoric and silicic acids, are able to decompose the sulphates 
when heated with them. 

In like manner when a base which is fixed, is hoated with 
the salt of volatile base, the volatile base is displaced by the 
more fixed one; thus quick lime, or potash, if heated with the 
salts of ammonia, is converted into a salt of lime or of potash, 
whilst the ammonia escapes in the gaseous state. 

(851) The effect of elasticity in removing from the sphere of 
=e eli ptmaeaplbal iret ee eh ara. 


and of the substance displaced by it for the other constituent of 
the compound, are nearly equal, effects which are in apparent oppo- 
sition to each other may sometimes be produced. For instance, 
oxide of iron, when heated to redness in a current of hydrogen 
gos, is gradually reduced to the metallic state ;—the steps of the 
process appear to be these: a small quantity of water is formed ; 
it immediately difluses itself in vapour into the hydrogen, and is 
mechanically carried away by the current of this gas, which must 
be employed in considerable excess for this purpose; and this 
process goes on until the reduction is complete. On the other 
hand, if metallic iron be heated in a current of steam, water is 
decomposed, hydrogen is liberated, aud ix carried beyond the 
reach of chemical action upon the iron by the excess of the steam 
employed, In o similar manner, if a current of eulphuretted 
hydrogen be transmitted in Inrge excess over solid bicarbonate of 
potash, nided by a gentle heat, the whole of the carbonic acid and 
water will be displaced from the hiearbonate, and carried forward 
ly the excess of the gas, whilst sulphide of potassium will be 
formed. But sulphide of potassium, if dissolved in water, ond 
subjected to a current of carbonic acid, will, in its turn, be gra- 
dually but completely decomposed; the sulphuretted hydrogen 
being carried away by the excess of carbonic acid, whilst bicar- 
bonate of potash is farmed in the liquid. 

(852) If elasticity be prevented by mechanical means from 
exerting its influence in removing a body from contact with others 
for which it hos an affinity, combinations may be obtained, which 
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into operation, such as the development of elasticity on the appli- 
ation of heat, the more volatile acid may be expelled in the form 
of vapour, and may thus be withdrawn from the sphere of action. 
‘This, however, is no proof that such a partition of the base actually 
‘existed previous to the application of heat, In cases where the 
affinity of one acid for the base is very strong, whilst that of the 
other is fechle, the stronger acid may (as in the case of sulphuric 
acid and borax already cited) entirely appropriate the base to itself. 
But where the two acids at all appronch cach other in chemical 
power, it must be assumed that a division of the base takes place. 
Sometimes the occurrence of such a partition can be proved by 
the change of colour which ensues after the mixture has been 
effected. Sulphate of copper, for example, is of a blue colour 
when in solution, and chloride of copper is green. If a solution 
of the blue sulphate be mixed with hydrochloric acid, it is evident 
that the oxide of copper enters partially into combination with the 
hydrochloric acid, since the solution assumes a bright 

tint ; 2(Cu0,50,) +2 HCl=Cu0,SO, + CuCl+ HO,S0,+HCI. 

If the base form an insoluble compound with the newly added 
ee rote ane ee 
its means. Thus, if a solution of nitrate or of acetate of 
be mixed with sulphuric acid, it may be supposed that the baryta 
divides itself between the two acids im proportion ‘to its aflinity for 
each ; but the sulphate of baryta being insoluble, is at once with- 
drawn from the mixture, and the baryta remaining in the original 
salt again divides itself’ between the two acids: the fresh portion 
of sulphate of baryta, however, is immediately precipitated ; and #0, 
by a scrics of steps which, where the affinitics are strong, succeed 
each other far more rapidly than they can be described,—the 
whole of the baryta is separated in the form of am insoluble sul- 
phate, leaving the nitric ar the acetic acid free in the solution. 

A very feeble acid may even displace « more powerful one 
when the compound which it forms is insoluble in the menstraum 
in which it is suspended. Hydrocyanic acid will separate nitric 
acid from oxide of silver, owing to the formation of the insoluble 
cyanide of silver ; AgO, NO, + HOy=HO, NO,+AgCy. Tartarie 
acid will liberate sulphuric acid in a solution of sulphate of silver, 
owing to the formation of an insoluble tartrate of silver. Oxalic 
acid will precipitate oxalate of copper from a solution of chloride 
of copper ; and Pelouze has observed that, if a current of carbonic 
acid be transmitted through a solution of acetate of potash dis. 
solved in alcohol, acetic acid will be liberated, and carbonate of 
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solution of potash, no precipitate is produced, nithough oxide of 
‘mercury is insoluble in water. 

If the newly added base form un insoluble compound with the 
acid, it is wholly precipitated by it; and if the other base be so- 
luble, it remains in the liquid. One of the methods of forming a 
pure solution of potash is founded on this principle; in this experi- 
ment a solution of sulphate of potash és mixed with a quantity of 
solution of baryta exactly sufficient to precipitate the whole of the 
sulphuric acid; KO, SO,+Ba0, HO=KO, HO+Ba0, SO, : and 
in a similar manner oxalate of potash is deprived of its oxalic acid 
by the addition of lime-water to its solution, owing to the formation 
of an insoluble oxalate of lime, If the base as well as the salt ! 
which is formed by the addition of the new base to the acid be | 
insoluble, it is possible to precipitate the whole of both acid and | 
base from the liquid simultancously ; as when a solution of baryta 
is added in regulated quantities to a solution of sulphate of silver; 

AgO, SO,+BaO, HO=AgO, HO +Ba0, SO. 

(855) Mutuat Action of Salts in Solution—It is a rule almost 
| without exception,* that when solutions of two salts, capable of 

forming by mutual interchange of acids and bases an insoluble 

or sparingly soluble salt, are mixed, the salis decompose each other, 

and the compound which ix ieast soluble ix precipitated. Tt is in 

this manner that the greater number of insoluble compounds are 

formed by the process of double decomposition. Chloride of silver 

is thus obtained by acting upon eolution of nitrate of silver with 

one of common salt; AgO, NO, +NaCl=NaO, NO, +AgCl: and 

in a similar manner, if carbonate of manganese or phosphate of 

copper be required, it may be procured by mixing a solution of 

chloride of manganese or of sulphate of copper with one of 

carbonate of potash or of phosphate of soda. Sometimes a soluble 

compound may advantageously be procured in this manner, as in 

the ordinary method of preparing acetate of alumina, in which a 

solution of acetate of lead is mixed with one of sulphate of alumina: 

sulphate of lead is precipitated, and ncctate of alumina remains 

Saar 3(PbO, C,H,0,) +41,05, 3 80=3(PbO, SO.) +A1,05, 

3(C,H,0,). 

When two saline solutions are mixed, which form, by the 
mutual interchange of their acids and bases, salts which are also 
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be allowed to evaporate spontancously in the open air; at low 
temperatures the sulphate of soda is the least soluble of the four 
sults; and at low temperatures it is the sulphate of soda which 
Separates in crystals from the liquid, whilst the readily soluble 
chloride of magnesium remains in solution, 

Upon « similar principle nitrate of soda is converted on a large 
scale into nitrate of potash, by mixing it with chloride of potas- 
sium; on concentrating the solution by boiling it, chloride of 
sodium is scparated in crystals, and nitrate of potash i 
out as the liquid cools: at low temperatures chloride of sodium is 
more soluble than nitrate of potash, and the nitre crystallizes out 
nearly in a state of purity. 

Tt may, in fact, be stated as a general principle, that on con- 
centrating a mixed solution by evaporation, emma 
soluble at that particular temperature is that which is first formed, 

In certain cases where there is no great difference in the solu- 
bility of two sults, evidence is afforded of their mutual decomposi- 
tion when the solutions are mixed, by the change of colour which 
then ensues. Sulphocyanide of potassium, for example, when 
mixed with a solution of perchloride of iron, # much diluted as to 
be colourless, indicates by the blood-red solution which it forms, 
that a mutual interchange of the components of the two salts has 
been partially effected. In like manner, when a solution of proto- 
sulphate of iron is mixed with one of acetate of soda, a brown 
colour, similar to that of the acetate of iron, is produced; and 
further, on transmitting a current of sulphuretted hydrogen through 
the liquid, the iron is precipitated in the form of a black sulphide. 
This reaction could only take place, owing to the presence of 
acetate of iron, since a solution of acetate of iron admits of being 
thus decomposed by eulphuretted hydrogen, but one of sulphate 
of iron is not so acted upon. ‘The entire quantity of iron may be 
separated in this manner, as no sooner is a certarn proportion of 
iron rendered insoluble, than fresh portion of acetate of iron is 
formed; and this formation and decomposition of the salt continues 
as long as any iron remains in a state of solution, 

(856) Influence of Mass in the Formation of Chemical Com. 
pounds. — curious question presents itself as to the proportion in 
which two bodies are capable of thus mutually decomposing each 
other on mixture, When, for example, three different bodies, a, », 
and ¢, are mixed together, one of which, o, is capable of combining 
with either of the other two, and forming with them compounds, ac, 
nc, whieh in both cases are soluble, the quantity of «and of » being 
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‘proportion of sulphate of potash continuing to increase, 


t 


| decreasing ratio, for every addition of free sulphuric acid to the 
] (857) No experimental solution of this problem was given 
by Berthollet, and the question fell into abeyance; but within 
‘the last few years severn! attempts have been made with consi- 
dderable success to determine this question quantitatively. Dr. 
Gladstone (Pil. Trans. 1855, p. 179) has published a series of 


experiments in which he has made use of the change of 
which solutions of certain salts undergo on mixture with each 
other, a8 a means of ascertaining the extent to which this mutual 
decomposition proceeds when all the products remain in solution. 
The principle of his experiments will be easily understood. Solu- 
tions of several persalts of iron, such as the persulphate, the par- 
nitrato, perchloride, peracetate, percitrate, &e., were prepared in such 
a manner that each should contain the same proportion of the ses 
quioxide dissolved in the same bulk of water (each of the solutions 
employed contained very nearly 1 grain of seaquioside of iron in 
1000 grain measures of water). A solution of pure sulphocynnide 
of potassium was then prepared of such a strength that when 1 mea- 
sure of this solution and 4 of that of the iron salts were mingled, 
the proportion of sulphocyanogen should be exactly sufficient to 
convert the whole of the iron into persulphocyanide, if complete 
mutual decomposition occurred ; thus the proportions of the two 
salts employed were such that it would be possible for exact 
mutual interchange to occur a represented in the following equa- 
tion: Fe0s, 5 NO, +3 (K, Sey)=Fe, Sey, +3 (KO, NO,). On 
making the experiment in this manner, it was found that the iron 
waa never wholly converted into the red salt, for the tint was 
deepened by the addition of more cither of the iron salt or 
of the sulphocyanide. In order to obtain a quantitative esti- 
mate of the amount of these effects, definite measures of the 
solution of pernitrate of iron and of sulphocyanide of potassium | 
were mixed together, and the liquid so obtained was diluted with 
water until it occupied a known, but arbitrary volume. This 
diluted mixture furnished a liquid of a certain depth of colour which 
was cmployed asa standard of comparison, Another measure of the 
solution of pernitrate of iron, equal to that used in the standard 
solution, was mixed with regulated additions of the sulphocyanide of 
potassium, and the liquid thus obtained was diluted with measured 
quantities of water after cach addition of sulphocyanide, until, ax far | 
as the eye could distinguish, this solution had the same depth of tint 
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which different compounds are united, but they have all hitherto 
failed. Experiments conducted upon the principle of those of 
Gladstone appear to offer the fairest prospect of solving this 
interesting and important problem. 

Besides the sulphocyanide of iron, Dr. Gladstone examined a 
vyaricty of other coloured compounds ; onc of these was the scarlet 
bromide of gold, which becomes yellow when mixed with chlo- 
rides of potassium and sodium, to uu extent varying with the 
proportion in which thése salts ure udded: the sulphate of qui- 
nine, when mixed with a soluble chloride, iodide, or bromide, 
also afforded similar indications, as it loses its Augrescent character 
(or power of altering the refrangibility of the rays of light 
(104)) in proportion to the quantity of chloride or bromide 
with which it is mixed. From these and from a variety of other 
experiments, it appears that when two or more compounds in 
solution are made to act upon each other, provided that the pro- 
duets which they form by their mutual action are also soluble, the 
following conclusions may be drawn :—1. That mutual interchange 
between the bodies which are mixed takes place in determinate 
proportions. 2, That these proportions are independent of the 
manner in which the compounds were originally combined: thus, 
if sulphate of potash and pernitrate of iron be mixed im equivalent 
quantities, the result is the same as if nitrate of potash and per- 
sulphate of iron had been employed in equivalent quantities. This 
is a fundamental point in these inquiries, but if Dr. Strave’s obser- 
vations, (quoted by Graham, Elem. Chem, and Ed. p. 232) be 
correet,—vig,, that in the preparation of mineral waters, the taste of 
the liquid varies, not only according to the nature of the salts, but 
also according to the order in which they are added,—it eannot be 
agencral law. 3. That these proportions are dependent partly 
upon the strength of the mutual allinities of the components for 
each other, and partly also upon the maze, or relative proportion 
of each compound which is present in the mixture. 4. That the 
alteration of the mass of any one of these compounds alters the 
amount of all the other compounds which co-exist in the mixture 
in a regularly progressive mtio; and these quantities admit of 
being represented by regular curves. In most cases this adjust- 
ment of the relative quantities of the different bodies takes place 
immediately that the mixture is mule. 

(858) Tho results are different if the products of the chemical 
combination be at once removed from the sphere of action, as by 
the formation of gaseous compounds, or of an insoluble 
when two liquids are mixed. Bunsen has investigated the resulta 
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The following experiments illustrate the first part of the foro- 
going law:—On exploding mixtures of carbonic oxide and 
| hydrogen, in the following proportions, Bunsen found that the 

quantitics of carbonic oxide and hydrogen which were oxidised 
were 


in the proportions stated below :— 
Mivinre detonated. Ratio of Osos burned. 
Siypen. Wydeogen, Carb Owide. ‘Wydrogen. Carb. Oxide 
Teves vs BOs a oo BO Cerio ROE cnet Tel a 
TE cee a) FO ae 444 ody 8 oe 
TIL. + 10+ . 20 TPE tan Sie 8h he 
DS ain athZOiss ce SFr psy ah SOPs ae & 


not gradually, and these proportions were found to be uniformly 
the same on repeating the detonation with the same mixture, 
although the degree of compression to which the mixture was | 
subjected during the detonation was considerably varied in different | 
experiments. 

‘The following are Bunsen’s principal experiments in support of 
the second part of the foregoing law :—When carbonic acid is driven 
over ignited charcoal, it is wholly converted into carbonic oxide ; but 
‘when steam is transmitted over ignited charcoal, a mixture of hydro- 
gen, carbonic oxide, and carbonic acid is produced, in the proportion 
of 4 volumes of hydrogen, 2 volumes of carbonic oxide, and 1 of 
carbonic acid. Again, when a mixture of cyanogen with atmo- | 
spheric air and oxygen was detonated in the eudiometer in the pro- | 
portion of 6-2 of cyanogen to 10 of oxygen,* the cyanogen yielded 
g volumes of nitrogen, 2 of carbonic oxide, and 4 of eurbonie acid : 
and when a mixture of 4°07 of carbonic acid, 33°25 of hydrogen, and 
1o of oxygen was detonated, a portion of the carbonic acid yielded | 
oxygen to the hydrogen, and was reduced to the state of carbonic 
oxide; 3 volumes of carbonic oxide being formed whilst exactly 
2 volumes of carbonic acid remained wnacted upon, although a 
Jorge excess of hydrogen was present, 

M. Debns arrived at substantially the same results as those 
indicated by Bunsen for gaseous mixtures, by precipitating a mix- 
ture of lime and baryta water, by small proportions of solution 

















SURFACE ACTIONS OF PLATINUM. 1097 
“plate. If a plate of platinum, rendered chemically clean,* be 
introduced into a mixture of pure oxygen and hydrogen, in the 

_ proportions to form water, the gases become condensed upon the 

| surface of the plate, and, being brought within the sphere of each 
‘other's attraction, begin to unite; at first slowly, but during the 
act of combination, heat is extricated, and the action proceeds 

amore quickly, until at last the plate becomes red-hot, and an 
‘explosion of the gas ensues (Faraday, Phil. Trans., 1834, p 55). 
By employing the motal in a disintegrated or spongy form, the 
‘surface exposed is greater, and the action much more rapid: the 
metal conducts away but little of the heat which is generated, 
and soon becomes red-hot; whilst in the condition of platinum 
black (823) this activity attains its maximum. On throwing 
a little of this black powder into a mixture of oxygen and hydrogen 
it immediately becomes incandescent, and the gases combine with 

a lond report, 

f From its inalterability by ordinary chemical agents, platinum 
in this finely divided form has been used to effect various combi- 
nations which cannot otherwise readily be procured between 
vaporized and gaseous bodies:—For instance, if ammonia be 
mixed with atmospheric air, and transmitted over spongy 
platinum gently heated, its nitrogen becomes converted into 
nitric acid, and its hydrogen into water; H,N+8 0 = 3 HO, 
NO,; but this transformation cannot be effected by heat, unless 
some substance analogons to spongy platinum be used, since nitric 
acid ix decomposed at a temperature which, under ordinary cir- 
cumstances, is required to effect the combustion of ammonia. 
On the other hand, ammonia may be formed from the oxides of 
nitrogen, by mixing them with hydrogen and transmitting the 
gases over platinum sponge gently heated ; NO, + 5 H=H,N+ 
2 HO. Nitrate of ammonia, when heated with platinum black, 
yields nitric acid, nitrogen, and water, instead of protoxide of 
nitrogen; thus 5 (HNO, NO,) =2NO,+8N + 20 HO. A 
variety of other interesting changes may be effected. According 
to Dibereiner, (who first pointed out the remarkable power 








off di ii 
immorsed for a minute in hot oil of vitriol; after which it is to freed from 
adhering agid by immersion fora quarter of an hour in a lange balk of distilled 
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preventive action of this gas depends upon the decomposition of 
the hydrochloric ncid by the oxygen condensed upon the platinum = 
I water is formed whilst chlorine ix liberated, and this chlorine, 
by converting the platinum superficially into protochloride, 
| destroys its power ; its activity, however, can be restored by 
treating it with boiling oil of vitriol. Hydrochloric acid is in 
this case expelled, and « small quantity of protoxide of platinum 
is dissolved ; the metal is then to be well washed in distilled water. 

(860) Other finely divided substances besides platinum 
powsess this property of favouring the combination of oxygen and 
hydrogen in an inferior degree; even pounded glass, porcelain, 
ebareoal, pumice, and rock erystal, if warmed to 6oo* F., produce 
this effect. Finely divided palladium, rhodium, aud iridium also 
determine the combination of oxygen and hydrogen with explo~ 
gion at ordinary temperatures. Gold and silver effect the com~ 
bination of hydrogen with oxygen quietly, at temperatures far 





below the boiling point of mercury (Dulong and ‘Thénard). 
Metals which have a strong affinity for oxygen cannot be used, as 
they immediately become oxidized upon the surface. 

(861) Catalysis—The remarkable actions produced by the 
agency of finely divided platinum have in the foregoing para- 
gmphs been attributed to the force of adhesion, which ix supposed 
to bring the different gaseous bodies within the sphere of mutual 
uction; but they were viewed by Berzolius as arising from a new 
forve, which he termed catalysis, in virtue of which, he says:— 
« Certain bodies exert, by their contact with others, such an in- 
fluence upon these bodies, that chemical action is excited ; eom- 
pounds are destroyed, or new ones are formed, although the 
substance by which these actions are induced does not take the 
slightest part in those changes.” This catalytic force, however, is 


each othor, amd which may, a# in the case of the action of platinum, 
be explained by the active operation of other known forces. 
One class of these phenomena are those included under the 


alsoHia aed astocnted acid, under the influence of yeast : the change 
of starch into sugar in the operation of mashing wort, or the germi- 
nation of seeds, owing to the presence of a peculiar albuminous 
substance termed diastase: and the gradual conversion of amyg- 
dalin, the bitter principle in the bitter almond, into hydrocyanic 
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EFFECTS OF MOTION ON CHEMICAL APYINITY. noi 
and a true gradual combustion of the hydrogen had been 







Again, it has been observed in the case of certain alloys, that 
compound is entirely soluble in an acid which may be unable to 
‘attack onc of the components of the alloy when in separate form. 
‘Platinum, for instance, is not soluble in nitric acid, but if it be 
‘alloyed with 10 or 12 parts of silver, the acid dissolves it readily. 
Ta like manner, copper is insoluble in dilute sulphuric acid, but an. 
alloy of zinc, nickel, and copper is readily discolved by this liquid. 

(862) Affects of Motion on Chemical Afinity—In many cases 
Tmotion favours the manifestation of cohesion in a remarkable 
taanner : for example, water may be cooled below its freezing point, 
and may retain its liquid form if kept perfectly motionless, but 
‘on the slightest agitation it assumes the form of ice. Again, if 
solution of nitrate of silver be simply mixed with hydrochloric acid, 
it will long remain milky ; but if the nitrate be in excess, and the 
mixture be briskly shaken for about a minute, the whole of the 
chloride of silver will collect in dense floceuli, which rapidly sub- 
side, and leave the liquid clear. In a somewhat similar manner 
motion favours the development of chemical action :—thus a mix- 
ture of tartaric acid and nitrate of potash may be made, and no sign 
of precipitation will appear for many minutes, if the mixture after 
simple agitation be left at rest: but if it be brinkly stirred with a glase 
rod, an abundant deposition af erystals will speedily be produced. 
A similar effect is often observed with other crystalline preci« 
pitates: the double chloride of platinum and potasium, or of 
platinum and ammonium, frequently docs not appear in dilute eolu- 
tions until the mixture, has been briskly stirred. If the glass rod 
which is used in stirring the mixture be drawn against the side ofthe 
vessel containing the liquid, the track of the rod will be rendered 
evident by the formation of crystals, which are symmetrically de- 
posited on cach side of this line. ‘This effect is particularly 


containing 
double phosphate of ammonia aud magnesia takes many hours for 
its deposition, unless the liquid be briskly stirred. 
Sometimes when the chemical affinities which hold a compound 


disturb the equilibrium, and an explosion will follow. Tn this 
way chloride of nitrogen, Shae hades) 
to 
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liberation of the chlorine, which always accompanies the oxygen, 
would be accounted for. A somewhat similar explanation may be 
applied in the case of the black oxide of copper; an unstable seaqui- 
oxide of this metal appears to axist ; ils elds ceivi Tunscire 
has a fechle afinity for oxygen, and though that affinity is not ade- 
quate to retain the oxygen when separated from the chlorate of 
potash, it may yet aid in effecting its liberation: sesquioxide of iron 
is alto susceptible in the ferric acid of a higher but unstable stage 
of oxidation, and the same holds good of oxide of lead; henoo 
these compounds facilitate the decomposition of the chlorate. 
Thero is no proof of the existence of a higher oxide either of zinc, 
‘or of magneaia, and accordingly we find that scarcely any effect is 
produced on heating these oxides with the chlorate, I find also 
that powdered glass and. pure silica are equally inert, probably from 
| the same cause, 
| Mercer observed that starch, which is ordinarily converted by 
nitric acid into oxalic acid, is entirely transformed into carbonic 
acid if a salt of manganese be present ; 2 CO, being formed, instead 
of C,0,. Oxalic acid, also, may be in this manner rapidly con- 
verted into carbonic acid (Playfair On Catalysis, Proceed. Chem. 
Soc, TH. 351). Tf an ounce of oxalic acid be dissolved in 
xo ounces of water, at 180° F',, and 1 ounce of colourless nitric 
acid, sp. gr. 1°30, be added, no decomposition of the oxalic acid 
occurs; but it immediately commences on adding a small quantity 
Of wsclation ‘of aiteate, or any other salt of manganese. The 
protoxide of manganese, from its tendency to pass into the state of 
peroxide, tends to deprive the free nitric acid of oxygen, and aids 
the oxalic acid to decompose this acid; and the oxalic acid having 
‘© stronger affinity for oxygen than the protoxide of 





have been effected by either separately, ‘This reaction appears to 
be analogous in nature, though inferior in amount, to that which 
enables chlorine to decompose silica or alumina when these oxides 
are mixed with charcoal, (388, 566,) though neither chlorine nox 
charcoal is nble separately to produce this effect. 

A similar result is obtained when a quantity of hydrated oxide 


is evolved abundantly, and chloride of calcium is 

‘oxide of copper or of manganese, by its affinity for 

the elastic foree developed by heat in detaching the 
4n2 


















CATALYSIS-CONCURMING AFFINITIES: 1105 
Other substances besides binoxide of hydrogen, exhibit a similar 
susceptibility to decomposition by contact with certain bodics, 
Persulphide of hydrogen, for cxample, is immediately decomposed 
_ by contact with oxides of manganese and silver, and like the bin~ 


‘Sitrowiph. dmmow. Sxiph Copper. Balph Amman. —_-Nileosulph. Copper. 


ff,NO, 80,NO, + CuO, 80,=1f,NO, 80, + 6x0, 80,NO,, 


CuO, SO,+NO. Consequently sulphate of copper is found in 
the liquid at the close of the reaction apparently unaltered. 





iti ‘ing ratio to the amount of 
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takes place, for at an intense white heat they are separable from 
each other: by the voltaic ignition of a platinum wire under water, 
or by the intense heat of a ball of melted platinum raised to 
i ten Tr sess er en ade OS eA 
and then planged under water, the two gases may be 
“ohpriups permenant Meat otcmscs AF 
Sometimes the decomposition effected by elevation of tem- 
perature is only partial ; a new and more stable compound being: 
formed, which, at « still higher temperature, is in its turn decom- 
poscil; thus olefiant gas at a full red beat loses half its carbon, 
and is converted into light carburetted hydrogen ; and this gus, if 


Secpiesters La ecianie daca cate ee ere 
the more stable chloride of potassium is the final result. Nume- 
rous other instances of this kind will be presented to the reader 
when the products of organic chemistry are examined. 

A further illustration of this point is afforded by the different 
products which are furnished by the combustion of the same body 
at different temperatures. When n jet of cyanogen is burned with 
a free supply of air, the only products of the combustion are 
carbonic acid and nitrogen ; but if a coil of red-hot platinum wire 
be suspended in a mixture of equal volumes of cyanogen and 
oxygen, the nitrogen undergoes oxidation as well as the carbon, 
deutoxide of nitrogen being formed, as is evidenced by the appear- 
ance of rnddy fumes, owing to the combination of the deutoxide 
with feec oxygen. Tn a similar manner, ether, when burned freely 
in air, produces carbonic acid and water, C,H,O,+-120=4 oat 
5 HO; but if a glowing coil of platinum wire be 
mixture of the vapour of ether and atmospheric air, several en 
prodheta me tesa among which heb. sensed a sella b= 


ino + +205 aa + HO; and 


eee 
Gas +40= oi, + HO. 


(865) Suspension of Chemical Action by Depression of Tem- 
perature—As chemical affinity is increased, on tho one hand, by 
elevation of temperature, so, on the other hand, it is diminished by 
reduction of temperature, Schvdtter has shown (Chemie, vol, 1, 
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‘transfers to itself the chemical energy which would otherwise be 


which were previously in combination with each other, lose their 
affinity one for the other, and acquire it for those particles which 
‘are next adjacent to them in the liquid ; thus, ifthe brackets above 
the subjoined formule indicate the state of combination of the 
clements of hydrochloric acid before the passage of the current, the 
brackets below would indicate the effect produced after its trans- 
mission, thus:— 
fie tia tia fa 
yl wwe *|2 





Hero 2 c is supposed to represent the battery, and »’ and 2 the 
platinode and zincode of the arrangement: the positive eli 


negative electricity of the platinode produces a similar effect upon 
the contiguous particles of hydrogen, and the intermediate por- 
tions are polarized in the manner represented in the foregoing 


of platinum foil, one end of which is made to dip into each, 
current will be immediately transmitted: hydrogen will be evolved 
upon the platinode in one glass, and oxygen upon the zincode in 
the other glass ; whilst owing 10 the polar condition into which the 
connecting slip of platinum is thrown, hydrogen will be given off 
from onc end of the slip, and oxygen will be evolved upon the other 
extremity of it, although the metal itself experiences no sensible 
change, 























ELECTROLYSIS OF OXYSALTS. 


which the products of decomposition can be kept separate from 


‘and is represented in fig. 321. a and 8 are the two halves of a 
stout glaas cylinder, which are fitted by hammeyle sey ees el 
ving of glass, c; the two rims of this ring are ground down to 
a grooved shoulder, 80 as to allow a thin piece of bladder to be 
aod vex each’ end of the ring, which thus constitutes va kind of 


large platinum electrodes, which pass through corks in the necks of 
the cylinder, and can be connected with the battery by means of the 


Fig, g2t. 





wires, f,i. The spparatus thus forms three compartments, which 
may be filled with liquid for experiment, and the whole may be 
supported in a frame of wood. By the employment of this appa- 
ratus, it is found that whilst a quantity of acid accumulates at the 
zincode, an cquivalent amount of alkali is sct free at the platinode. 
But this is not all, a quantity of gus is aleo emitted from each 
electrode, that from the zineode being oxygen, and that from the 
platinode, hydrogen. Upon placing a voltameter in the course of 
the circuit, it is found that quantity of gas is emitted from the 
saline liquid, exactly equal to that obtained from the voltameter ; 
‘and upon neutralizing the acid and alkali, they likewise aro in 
equivalent proportions to the gas which is emitted (Daniell, Pail, 
Trans., 1839 and 1846). Suppose that the gas colleeted in the 
voltameter amount #0191 cubic inches, (or the quantity yielded by 

9 grains of water at 60° F,, Bar.=30 inches.) The united quantity 
sey guts dad ipl Sonn ud ence Aap tats OCR CTE 
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evolved, hut the metal itsclf should appear upon the platinode, 
whilst if the other constitucnt of the salt be one which like chlorine 
is unable to take hydrogen from water at common temperatures, 
no oxygen should be emitted. Accordingly, upon making the 
experiment with a solution of chloride of copper or of chloride of 
Tea, the salt is resolved into metallic copper or metallic lead, and 
chlorine gas, but no oxygen or hydrogen is liberated, These obscr- 
vations will explain the reason that although water, when pure, is 
scarcely decomposed by the current from 100 cells or upwards, 
yet it appears instantly to become a good electrolyte on the addi- 
tion of a few drops of acid, or of solution of a salt of on carth or 
an alkali; for upon the addition of the salt it is this body which 
is decomposed, and the water is then resolved into oxygen and 
hydrogen by a secondary action in the manner already 
Sulphuric acid in solution is in like manner resolved into hydrogen 
and sulphion, H, SO, In neither casc is the water directly electro- 
lyzed. This observation also explains a circumstance which much 
perplexed the earlier experimenters upon the chemical action of the 
voltaic pile. Tn all experiments in which water was decom; 
both acid and alkali were invariably found to be liberated at the 
electrodes, although distilled water wes employed ; and hence it was 
believed for some time that the voltaic current had eome mys- 
terions power of generating acid and alkaline matter. The true 
source of these compounds, however, was traced by Davy (Phil. 
Trans., 1807), in which he showed that they proceeded either from 
impurities contained in the water employed, or in the vessels made 
use of, or in the atmosphere itself. Having proved that ordinary 
distilled water always contains traces of saline matter, he distilled 
it ut a temperature below the boiling point, in order to avoid all 
risk of carrying over salts by splashing: he found that when he used 
marble cups to contain the water for decomposition, the acid was 
the hydrochloric, and the alkali was soda derived from chloride 
of sodium contained in the marble itself; when agate eups were 
used to contain the water he obtained silica; and when he used 
gold vessels, he procured yitric acid and ammonia, which he traced 
to atmospheric air ; by operating in vacuo, the quantity of acid and 
alkali was reduced to a minimum, but the decomposition then was 
almost arrested, although he operated with a battery of 50 paire of 
4-inch plates. Hence it is manifest that water itself is not an 
electrolyte, but it is enabled to convey the current, if it contain 
only faint traces of saline matter. 

‘The following table will illustrate the manner in which the 
oxysalts may be classified in relation to their mode of electric 
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of acid is liberated at the sincode, whilst all the equivalents of 
base which were previously in combination with the acid are 
liberated at the platinode. My own experiments upon this point 
confirm this view, although from a numerous series of trials on 
the subnitrites, subnitrate, and subacetates of lead, I always 
obtained a smaller quantity of oxide of lead and of metallic lead 
than was required by theory, if this law held good ; probably this 
deficiency was due to the secondary action of the solution upon the 
liberated oxide. When, for example, the triacetate of lead (3 PbO, 
C\H,0,) was decomposed, employing as te electrodes plates of lead. 
instead of plates of platinum, for cach equivalent of acetic acid and 
oxygen which appeared at the zincode, somewhat less than 1 equi- 
yalent of metallic lead and 2 equivalents of oxide of lead appeared 
at the platinode : thus, the salt appeared to have undergone decom- 
position into Pb, 2 PbO and C,H,O,,0. It is difficult to reconcile 
the idea of an ion consisting of Pb, 2 PhO# with the binary theary. 
‘The most probable explanation appears to be this: viz., that the oxide 
of lead is attached to the neutral acetate in » manner analogous to 
water of crystallization, and that the neutral acetate is the true elec- 
trolyte, whilst the oxide is leftupon the electrode inthe insoluble form, 
as soon as the acid which kept it in solution is removed. A similar 
explanation may be applied to the case of other soluble subsalts. 
(869) Unequal transfer of Ions during Electrolysis.—A curious 
circumstance in relation to the proportion in which the ions of 
the electrolyte travel towards the respective electrodes, was re- 
marked in the course of these investigations on the decomposition. 
of saline solutions. It was perhaps natural to. expect that if a 
solution underwent electrolytic decomposition, for each equivalent 
of the compound decomposed, its component ions should be 
transferred to each electrode in the exact proportion of half an 
equivalent of each, althongh a whole equivalent was liderated in the 
manner shown at No. 2, in the scheme which follows — 
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_ rated; and that when different solutions are employed, the amount’ 
transferred in each ease by currents of equal intensity, is directly. 
proportional to the specific resistance of the liquid, 

Tn some cases I have found a transfer from the negative to 
‘the positive side of the apparatus, ‘This was particularly the 
ease with solutions of sulphate of magnesia and of sulphate of 
zine. The cause of this transfer, and the circumstances which 
occasionally produce the reversal of its direction, have not been 
satisfactorily explained, and the subject needs further investigation. 

Acids, whether they be soluble in water or not, always travel 
towards the zincode in proportions larger than the metals which 
are united with them pass towards the platinode. 

(872) Secondary results of Saas ine meets 
already given of the mode in which the oxysalts are 
etal applied tpPeseaus Daniella he sieioiea of Te 
origin of the voltaic power, in a combination coutrived by 
‘M. Becquerel (230) which presents many interesting peculiarities. 
If « porous tube filled with nitric acid be plunged into » vessel 
containing a solution of potash, and the wires of a galvanometer, 
armed with platinam plates, be plunged one into the nitric acid, 
and the other into the alkaline solution, a current will circulate ; 
oxygen will be emitted from the plate immersed in the potash, 
and nitrous acid, owing to the absorption of hydrogen by the 
nitric acid, will be formed around the other plate, whilst nitrate 
of potash is slowly produced by transudation of the two liquids 
through the pores of the diaphragm. By connceting several of 





considerably 
position which appears to occur is represented by the following sym- 
bols, in which H, NO, indicates the nitric acid, and KO the 5 
the position of the brackets abore the symbols indicates the arrange- 
ment before the current is established, whilst, after its passage, the ar- 
rangement is supposedto be that indicated bythe brackets beneath:— 


mA mo [an 
1,NO, fi, NO, |KO KO 
Se ee 
It is particularly to be observed that no development of oxygen 


conducting 
although the combination of the potush with the nitric acid con- 
tinues; but the polar arrangement of the particles is interfered with, 
de 
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is set froo at the zincode, The nitrogen in this case is 
result of the combination of a portion of the oxygen with the 
hydrogen of the ammonia. Tf nitrate of ammonia be substituted 
for the sulphate, nitrogen appears among the gaseous products at 
both electrodes, the nitric acid being deprived of its oxygen by 
the hydrogen evolved at the platinode, and the ammonia of its 
hydrogen by the oxygen set free at the zineode, 

Tf a solution of acetate of lead be employed as the electrolyte, 
the acetic acid undergoes partial decomposition from the action of 
the oxygen upon it at the moment of its liberation at the zincode, 
but at the same time a portion of the oxygen also enters into 
combination with some of the oxide of lend contained in the 
liquid, and, as Mr. Warington proved, sini aie ! 
is produced. Nobili, who first observed this phenomenon, found 
that if « polished steel plate be employed in such a solution as the 
sincode to the battery (4 or 6 cells of Grove’s may be employed), the 
deposit aseumes the form of a thin film, which exhibits the iridescent 
tints of Newton's scale, the tints varying according to the thick- 
ness of the film produced. Other experimentalists have modified 
the patterns which may be obtained by these metatlochromes, which 
have even been applied by Bocquerel to the imitation of the tints of 
flowers; and by varying the strength of the battery and of the 
solutions employed, he has succeeded in producing some effects of 
great delieney and beauty. Salts of manganese or of bismuth 
may be substituted for those of lead, with similar results. 

Many of these secondary actions are very interesting: Kolbe 
has devoted particular attention to the effects of oxygen when 
liberated during electrolysis (Proceedings, Chem. Soc., TIL, 285, 
and Quart. Journ. Chem. Soc., UL, 157). Hydrochlorio ‘anid I, espe- 
cially when previously mixed wi th sulphuric acid, ia in this mamee 
partially converted around the zincode into chlotio and perchlorio 
acids; and in an acid solution of chloride of potassium, chlorate and 
perchlorate of potash are formed. Cyanide of potassium in 
solution, when subjected to the voltaic current, is in like manner 
converted into the cyanate. A concentrated solution of chloride of | 
ammonium evolves hydrogen at the platinode, but the chlorine, 
instead of being liberated at the zincode, acts upon the chloride of 
ammonium, and forms oily drops of chloride of nitrogen, which 
explode when touched by the opposite electrode, Mr, Smee has 
shown that by means of the voltaic current the yellow prassinte 
may be converted into the red prussiate of potash. M. Kolbe 
has, further, ascertained the effect of the liberated oxygen upon | 
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show when once obtained in the isolated form:—For example, 
cyanogen and chlorine do not enter directly into combination ; 
but if cyanogen, at the instant that it is set free from another 
compound, be presented to chlorine, the two bodies combine ; thus 
if moist cyanide of mercury be decomposed by means of chlorine, 
chloride of cyanogen may be obtained: the chlorine removes the 
mercury step by step, and the cyanogen, at the moment of its 
liberation, enters into combination with another portion of chlorine. 
Tha similar manner, sulphur, when set free from an alkaline per~ 
sulphide in the midst of a solution of hydrochloric acid, combines 
with hydrogen, and forms persulphide of hydrogen, KS, + HCl= 
KCI+HS,, the chlorine taking the potassium, whilst the sulphur 
and the hydrogen, both in the nascent state, uuite to form a new 
compound, although their affinity is so slight that this compound 
spontancously separates into sulphuretted hydrogen and free 
sulphur, The process of double decomposition is particularly appli- 
cable in cases where the mutual affinity of the bodies which it is 
desired to obtain in combination is comparatively feeble. Tt is 
not impossible that this superior chemieal activity of bodies in the 
nascent state may arise from the fact that their particles are indivi- 
dually electrified at the moment of their separation from a previous 
state of combination ; and that in this condition they may exert 
upon the particles of dissimilar contiguous matter, a force of induc- 
tion which may be the agent that determines their chemical com- 
bination: if by « process of double decomposition the particles of 
both compounds were oppositely electrified, combination might be 
expected to be proportionably facilitated ;—For instance, if a solu. 
tion of sulphide of potassium and one of chloride of copper be 
mixed, they will mutually decompose each other, the sulphur being 
negative, will tend to combine with the positive copper, and the 
positive potassium will unite with the negative chlorine. If the 
brackets in No. 2 represent the mode in which the molecules are 
arranged on the instant of mixture previous to decomposition, 
those in No, 2 will illustrate the arrangement of the molecules 
after mutual decomposition has been effected -— 
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(873) Theory of the Electrical Origin of Chemical Afinity.—It 
has alreaily been remarked (214, 225) Se eoe weenie 
substances, clectrically insulated, are brought into contact, and 




















TMEORY OF THE ELECTRICAL ORIGIN OF CHEMICAL AvrINiTY, 1123 


‘by the battery is supplied by the action of the sulphion upon the 
wine, in the cells of which the battery consists. 

‘The remarkable law discovered by Faraday, that the same 
‘current of clectricity, when transmitted successively through 
various electrolytes, decomposes each in the proportion of their 
‘respective chemical iteievende (ay a ee a 
bability of the supposition that electrical and chemical phenomena 
are due to different manifestations of the same agent. So strong 
was Daniell’s conviction upon this point, that he applied the term 
current affinity to the voltnic current ; since by means of the proper 
application of conductors, or channels for the force, the chemical 
ailnity of a portion of zine and sulphuric acid at one point could 
De transferred to « distant spot, and could there be made to effect 
an equivalent amount of chemical decomposition upon a different 
‘compound, The chemical equivalent of any substance upon the 
electro-chemical theory, is that quantity of each body which is asso- 
cited with an amount of electricity equal to that associated with 
a given weight of some substance, such as hydrogen, which is 
selected as the standard of comparison ; the proportion of electricity 
which is associated with a given weight of any substance being 
inversely as its atomic weight. Assuming the specific clectricity 
of hydrogen to be represented by the arbitrary number 1000, the 
following is given hy Daniell (Introd. to Chem. Phil, 2nd Bd, 
p- 687) as an approximative table of the specific electricity (or 
quantity of clectricity associated with equal weights) of a few of the 
more important elements and compounds ;— 











Ingenious, however, as is the electrical theory of chemical 
affinity, it must be admitted that it ia far from being free from 
objection and difficulty when it is attempted to apply it to all 
cases of chemical action. Tt has been already stated that a very 
large number of bodies exist which are not susceptible of 
electrolysis. Indeed, the chief classes of electrolytes are; 1, binary: 
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TROCESSES OF ELECTROTYTING. 


‘surface in copper by means of the voltaic: battery, anid 
afterwards Messrs. Spencer and Jordan, who had each i 
dently arrived at a similar result, published the methods 
they had employed for the attainment of this object, ‘The 
cesses thus disclosed were so simple and easy of execution 
they were immediately repeated with success, and in 
year Mr. Elkington in England, and M. Ruolx in 
apply the voltaic battery on an extensive scale to 
plating and gilding. Since this period the voltaic 
been most extensively employed as a means of depositi 
copper, gold, and silver from their solutions, but zinc, ti 
platinum, and nickel: many other metals have also, for particular 
purpozes, been reduced from their salts by ite means, 

For the deposition of metallie copper, a solution of the sulphate 
of this metal is employed, but the mode of using it varies with 
the object in view. Suppose that it be desired to obtain a copy of 
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the battery, the back of the plate is covered with a resinous varnish, 
by which means this surface is electrically insulated from the 
solution, and itis thas protected from any deposit of reduced metal, 
'The plate thus prepared is connected with the negative electrode of 
a yoltaic battery, consisting of 3 or 4 of Smec’s or Danicll’s cells, 
and immersed vertically in a bath consisting of a saturated solution 
of sulphate of copper. A sheet of copper, equal in size to the one 
to be copied, is anspended parallel to the latter in the Tiquid, and 
connected with the positive electrode of the battery ; an immediate 
decomposition of the solution cnsues; metallic copper is deposited 
upon the entire surface of the negative plate, in the form of 
® coherent, continuous sheet, and a corresponding amount of 
copper is dissolved from the positive plate, so that the liquid 
remains constantly charged with an equal quantity of sulphate of 
copper. At the commencement of the operation, care must be 
taken to ascertain that the deposit occurs uniformly over the whole 
surface of the negative plate, as if any portion of it be soiled 
hy grease or resinous matter, the copper will not be thrown 
down upon those parts ; when once the deposition has commeneed 
uniformly, it goes on without difficulty. If the plates be sus 
pended vertically the solution should be frequently agitated, for 
unless this precaution be taken, the liquid around the negative plate 
becomes impoverished, whilst that around the positive plate 
becomes unduly saturated with the copper salt (869); currents 
are then produced in the liquid, owing to its uncqual density, and 
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MODES OF RLECTKOTYPING NOX-CONDUCTING BoptEs. 1127 


| Tn certain cases an impression of the ohject to be act 
tained in sheet lead by the application of strong pressure. In 
eases the back of the mould must be coated with a resinous 
varnish, or with some non-conducting matter. When moulds 
of plaster of Paria are employed they must be rendered im- 
pervious to moisture by immersion in melted wax or tallow ; 
after which the surface to be copied is endued with the power 


wire, which is in electric contact with some portion of the black- 
Jead surlace. Impressions of seals in sealing wax, stamps in relief 
upon pasteboard or paper, and the engraved blocks used for wood- 
cuts, thus rendered conductors upon the surface, may be electro. 
typed with facility. Even glass may be rendered a conductor by 


(793). Leaves, flowers, fruits, and insects have also been coated 
with copper, or with silver, by the electrotype process. A method 


believe to Captain Ibbetson, consists in immersing them in a weak 
solution of phosphorus, either in bisulphide of carbon or in ether, 
allowing the solvent to evaporate from the surface, and then plung- 
ing the objects into a solution of nitrate of silver ; the 


pry apes sini devratidate ina ee 
action of the electric current. Steel plates cannot be copi 
Pa sen en earenrinttie een pedicnigneiar tee 
aha salnhain site eee are eee ee 
would be destroyed. This difficulty has ‘been overcome by elec- 
trotyping them first in silver, which can ‘the | 
Seed iecimalrens aise anise eerie | 
Beach ti crea eae ee | 
The voltaic current has also been employed for the purpose of 
biting in the plates of the engraver, instead of the nitric 
commonly used for this purpose. Both sides of the 
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MLECTRO-PEATING. 1129 


| by the employment of cortain double salts of the same metal with 

| potash or with soda: thus the double cyanide of gold and potassinm 

| is largely employed for gilding, and the corresponding salt of silver 

| is extensively used in clectro-silvermg. In gilding snd silvering, 
and zincing, one great deaideratum is to obtam a firm adherenco 
Detween the newly deposited metal and the object to be gilt or 
plated ; the surface of the metallic object is therefore first rendered 
chemically clean, a result which is carefally avoided in the process 
of clectrotyping. In the latter case it is ‘usual to expose the 
object, if freshly polished, to the atmosphere for 24 hours before 
placing it in the depositing cell, in order to prevent permanent 
adhesion. 

(877) Electro-Plating—The metals upon which an adherent 
coating of silver is most readily deposited are brass, eopper, bronze, 
and German silver; but it may also be effected on eteel. The 
articles to be plated are cleansed from adhering greasy matters 
either by boiling them in a weak alkaline solution, and thea 
washing ; or they are heated to low redness in a muffle: in either 
case they are next dipped into dilute nitric acid for the purpose of 
removing any adhering film of oxide. They are then brushed 
with a hard brush and some sand ; and having been rinsed from 
adhering impurities, and separately attached to a clean copper wire, 
they are again dipped into nitric acid, washed, and immersed whilst 
still wet in the silvering bath. If vy, fig. 322, represent a plan of 
this bath, and ¢% the voltaic battery, the copper ike aa 
wires attached to the articles to be plated are 
twisted round the rods p vp r, which are connected: 
with the negative wire of the battery, whilst 
the positive wire is connected with a series of 
silver plates, 2 2 2, which are ako immersed 
in the silvering liquid. This solution is com- 
monly prepared by dissolving cyanide of silver 
in a solution either of cyanide or of ferro- 
cyanide of potassium. Solutions containing hy- 


posulphite or sulphite of silver are occasionally i 
employed. In order to prepare the silvering bath 
a solution of nitrate of silver may be precipitated bd 


by the addition of cyanide of potassium so im 

Jong as it produces « precipitate ; this precipitate, after having beew 
washed by decantation, is dissolved in a solution of cyanide of 
potassium, An excess of eyanide of potassiam is requisite, at 
least 3 parts of cyanide of potassium being employed for 1 part of 
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are needed. Tn Paris, Bansen’s carbon and zinc batteries are also 
Rceployed) with success it tlieas operations 

(878) Blectro-Gilding and Platisistng-— I posta 4 4 
‘most of the ordinary metals by voltaic action. Articles which 
consist of brass, bronze, copper, or German silver are first annealed, 
then pickled, as the operation of immersing them into the mixture 
I of dilute nitric and sulphuric acids is termed, after which 
they are scrubbed and ‘dipped? in strong nitric acid, and then 
Finsed in water, as is practised in preparing them for plating. 


but 
required to be ‘dipped’ Tron and steel may be gilt by cleansing 
them from grease, first with potash, and then by dipping im niteie 
acid, and scouring the surface with burnt clay finely sifted, in 
order to remove the black stains produced by the liberation of 


FLECTRO-GILDING AND PLATINGZING. 


The gilding bath most usually employed, consists 
gold dissolved in cyanide of potassium. Tt may be prepared by 
dissolving gold in aqua regia, and adding cyanide of potassium to 
the diluted liquid aa long as it produces a precipitate ; a briek effer- 
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then diluted until 109 parts of the liquid contain « part of gold. 

Peal sian bee tye ee oe eee 

used instead of the double eyanide of gold and potassium: for 
example, he finds that the cyanide of gold may be employed when 
brought into solution by the ferrocyanide, or by the ferrideyanide of 
potussium ; he has also used with success the double sulphite of 
gold and soda, the solution of the double chloride or iodide of 
gold and sodium with an excess of soda, and even the sulphide of 
gold dissolved in a neutral solution of protosnlphide of potassium. 

As yet the voltaic deposition of platinum has not been prac- 
tised to any considerable extent; it is stated, however (Comptes 
Rendus, vol, xiii., p. 1013), that a solution of the double chloride 
of platinum and potassium in caustic potash may be applied to this 


purpose with tolerable success, 


§ 4. INFLUENCE OF LiOWT ON arrINrtY—rHoTOGRAPHy, 


(879) Influence of Light spon Crystallization.—It is a familiar 
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| retin been mentioned 

i when speaking of the transformations of Duteh liquid But 
the chemical actions produced by the sun’ rays, which are taking 

f Wage tsa jecieired econedion, precheletett oats greater importance 

_ than those limited transformations which can be effected in the 
laboratory ; for it is upon these unobserved, yet daily renewed 
Altarrccn thatthe growth and senoratien of th etie ogeaia 
Kingdom is dependent. ‘The great chemical effect of Tight 
appears to be that of a powerful reducing or deoxidizing agent. 
Under the influence of solar light, the green parts of plants pers 
form their allotted function in the purification of the atmosphere, 
by absorbing and removing carbonic acid, in virtue of which they 
fix the carbon in their tissues, and thus supply themselves with 

water 


Tf solar light be excluded from plants, none of these decompo 
sitions are effected ; the carbonic acid escapes unchanged into the 
air, and no fixation of carbon ensues ; the plant becomes pale and 
succulent, whilst its functions languish. Gardener take advantage 
A soap iy alec recmneene ae Onin ae 
flavour; by earthing up the plant, as is practised with 7) OF 
by covering if with a. tilo.su in th6 caso of endive; or byieudosing 
it in a bell jar, as is usual with scakale, the light is more or 
less excluded, and the bleaching which is desired in vegetables 
for the table is produced. The operation of bleaching linen, 
by exposure to moisture and light for several weeks during 
summer, is another process, which illustrates the influence of solar 
light iy the production of chemical changes. 

(881) Reducing Influence of Light on Metallic Salts—Much 
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135 
‘soaking ordinary writing-paper in a weak solution of common salt, 


and when dry, washing it over upon one side with a solution of 


“nitrate of silver, consisting of 1 part of a saturated solution of the 
“nitrate with 6 or 8 parts of water. This operation was per- 
formed by candle-light, and the paper was dried at the fire; 
in this manner a film of chloride of silver, mixed with an excess of 
nitrate of silver, was formed upon the surface of the paper. Suppose 
that it were desired to obtain a copy of an engraving, or of the leaf 
of a tree; one of the sheets so prepared was laid under the leaf or 
engraving which was to be copied; the two were | firmly 
together between two plates of glass, and exposed to the direct 
rays of the sun, or even to diffused daylight, for a period of half 
sm hour or an hour, The impression thus obtained was n megative 
one, that is to aay, the shadows were represented by lights, and the 
lights by shadows; those portions of the #arface which had been 
exposed to the strongest light becoming dark; in the half tints, 
‘where w fecbler Tight had been transmitted, the blackening became 
less evident ; and the parts corresponding to the deep shadows in 
the engraring remained white. Mr. Talbot fixed these pictures by 
immersing them in a strong solution of common salt. Considerable 
improvements have been introduced into this process since it was 
first published, but, in principle, this operation, which has been 

A very good paper for this kind of printing may be obtained 
as follows -—Prepare a solution of chloride of sodium or of chloride 
of ammonium containing 10 grains of the salt to each ounce of 
water. If French paper (which is sized with starch) is to be used, it 
will be improved by dissolving 1 grain of gelatine in each ounce of 
the solution of sult. Pour this liquid into a flat shallow dish, and 
haying eut the paper into pieces of a convenient size, take a sheet 
of it by the two opposite corners, and bring it down upon the 
surface of the solution, so that the middle of the sheet shall be 
first moistened ; then lower it gradually towards cach comer so a8 
to exclude air-bubbles, After the lapse of a minute it may be 
removed from the solution, and hung up to dry. In order to 
render the paper sensitive, prepare a solution of nitrate of silver 
containing 50 grains of nitrate to the ounce, and lay the sheet wpon 
the surface of the solution in the same manner as before ; in about 
three minntes’ time the sheet may be removed : it muat be raised 
by one corner with a pair of forceps tipped with sealingwax, 
allowed to drain, aud hung up to dry. ‘These operations must be 
performed in a darkened room. ied | 
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_ drops of alcohol, and afterwards with dry cotton, until when breathed 

upon the metal assumes a uniform dull surface, from which the 
cloud disappears without showing any patches or spots; after this 
1 peeled ata doe ede nerd 
faced with buckskin. If this preliminary operation be not care- 
fully performed, the subsequent steps will not lead to any satis- 
fhetory result; the touch of a finger upon the polished surface is 
sufficient to soil it. 

a. Todizing—The plate is next exposed for a few minutes to 
the vapour of iodine, till a thin yellow film is produced uniformly 
over the surface. This operation should be performed by candle- 
light, or in « room furnished with a window supplied with yellow 
glas; the plite must be protected from diffused daylight. 

3. Exposure—If such a plate be for a few minutes 
in the’ focus of a double achromatic lens, adjusted to a camera 
obscura in such a manner that the image of the object to be 
copied shall fall upon the iodized surface, it undergoes an altera- 
tion which, however, is not perceptible on withdrawing the plate 
from the camera. 

4. Development —But if the plate be exposed for a few minutes 
to the vapour of mereury, heated to about 140° F., the latent image 
gradually appears, with all the shadows, lights, and half tints faith- 
fully reproduced. Much of the success depends upon the proper | 
length of exposure to the action of light, and in thia respect practice ] 
is the best guide; if too short a time be allowed, the picture is | 












dark and indistinct; if the light has acted too powerfully,the shadows 
become metallic in appearance, and ill defined ; and if the action be 
continued for a sufficient length of time, the picture becomes 
reversed, or negative, the shadows in such a case being 
by lights, and the lights by shadows. cabin neh te 
curial vapours constitates an important part of the operation ; for | 
if this exposure be insufficiont, the whites have a blaish cast, and if 
it be too long continued, the blacks become indistinct and misty. 


Mr. Goddard, in the year  _ 
| 
| 






























PHOTOGRAPHIC ACTION OF THE vurEMATIC sPKCTRUM, L145 


with the mercury. After the plate has been treated with 
phite of soda, the excess of iodide of silver is removed, and 
blacks consist of metallic silver. Experiment proves that 
‘those parts of the plate immediately beneath the highest lights, 
more deeply corroded than the others, by the action of the 
been driven inwanls during sees 


st 
ang a eee 
curious fact first pointed out by Mr. Shaw, that if a after 
it has received the impression in the eamera, but it bs 

been mercurinlized, be ‘to the vapour of iodine or bromine 
| for a few sooo, the image is completely effaced, and in no longer 
producible by mercury, 

(Tso surface of ths’ glate. i readers uneven’ ly the lopesiee 
‘of light upon it, so that it admits of being copied by the process 
| of electrotyping (874). Impressions on paper have been printed 

from an etched Dagnerreotype plate, the biting-in being 

by dilute nitric acid, which attacks the shadows (the reduced silver), 

and leaves the lights (the amalgam) untouched. 

(889) Action of the Solar Spectrum on Photographic Bodies — 

Tf @ pure solar spectrum be allowed to fall upon a sheet of sensi- 

tive paper, prepared by washing it over first with common salt, 

and then with nitrate of silver, it will be speedily apparent that 
the chemical action is not uniformly distributed over the luminous 
image. The maximum of light falls in the yellow rays about Fraun- 
hofcr’s line p (fig. 323), whilst the maximarn of chemical action 
occurs in the blue portion of the spectrum, near the line a, about 
one-third of the distance between it and the line n. ‘The blacken- 
ing effect generally extends as far as ¥ in the green, whilst it is 
ci a nc RST Perrin yf | 
equal to two-thirds of the length of the luminous spectrum, the 

chemical effect gradually shading off until it comes imperceptible 

edie Sx asrepoken 06 aclotsieworanvertea isk dhe Ppa 
which is used. When the Talbotype iodized paper is employed, 
the maximum blackening és found on heectreca limit of the violet 
rays. Where the bromide of silver forms the sensitive material, 
the chemical action is prolonged into the red ray, and the greater 
part of the impression is of a uniform grey-black, When paper 

‘washed with chloride of gold is employed as the sensitive surfioe, 

the maximum effect is produced between the grevu and the blac 

rays, and the chemical action does not extend beyond the violet ex- 
tremity for more than half the distance over which these effects are 








COMBINED ACTION OF DIFFERENT RAYS, 1147 


of it, spectral image of the aperture will be formed, and may be 
received upon a screen. All the coarser lines of the visible spectrum 
may be traced by the unaided eye, when the spectrum is received 
on a screen of white paper; and if a sheet of turmeric paper be 
used, many of the lines beyond the violet are also rendered visible : 
by substituting a sensitive surface, such as collodion, for the screen 
of white paper, a faithful copy of these lines may be obtained. 


Fre. 324. 





It is remarkable that the chemical rays appear to be identical 
with those which produce fluorescence, as the phenomenon investi- 
gated by Professor Stokes (104) has been termed. If the solar rays 
be transmitted through a layer of a concentrated but colourless solu- 
tion of sulphate of quinine, no extra-spectral prolongation of 
chemical action is produced when this light is allowed to fall upon 
a sensitive surface. By varying the source of light, the chemical 
powers of the spectrum are varied also. ‘The chemical action of 
the flame of the hydrocarbons, however intense the light, is but 
feeble ; that of the lime light is much more marked, while that of the 
electric light between charcoal points greatly surpasses either ; 
and these results coincide exactly with their relative power of 
exciting the phenomena of fluorescence. 

(890) It was stated 50 years ago by Ritter, and the observa- 
tion has been confirmed and extended by Sir J. Herschel, that the 
two ends of the spectrum produce opposite chemical effects, though 
the violet appears greatly to predominate in power. If, for 
example, paper soaked in nitrate of silver be partially blackened 
by exposure to diffused daylight, and then submitted to the action 
of the solar spectrum, the portion upon which the violet end falls 
speedily becomes much darker, while the portion beneath the red 
rays assumes a brick-red hue. If the spectrum be thrown upon 
white nitrated paper, and diffused daylight be allowed at the same 

















AND VAPOUR VOLUME IN FIXING THE EQUIVALENTS. 115] 


Tent of each of its components. Thus magnesium and sinc each 
form but 1 single oxide, and they are assumed to be protosides, or 
sep ieipaps anor of the metal to 1 
Such oxides neutralize a quantity of nitric 
Scns Sua tines agereah -cqimysn idol Bui 
 pelebia that the same metal forms two oxides, in 
_ which a given weight of oxygen combines with twice 
“proportion of the metal as in the other; for example, 
oxygen unite with either 91°75 of copper to form the black oxide, 
or with 63°5 of the metal to form the red oxide, and both oxides can 
combine with acids. In like manner, 8 parts of oxygen form with 
mercury two salifiable oxides, one containing 160, the other 200 of 
mercury. ‘I'he question to be determined then is, which of these 
numbers is to be regarded as the equivalent of the metal? In 
eases of this kind, the judgment requires aid from analogy, or from 
collateral cirenmstances, such as the isomorphism of the bodies 
when compared with others of known composition ; the cireum- 
stance that the specific heat of the body, when multiplied into its 
supposed equivalent, yields the same product as that obtained by 
multiplying the specific heat of some other element into its 
admitted equivalent number; or the formation of a yolume of 
vapour from the supposed equivalent, which is equal in bulk 
to the volume of an equivalent of hydrogen, Such assistance 
is afforded in the case of copper by the isomorphism of the com- 
pounds of the black oxide of this metal with corresponding com- 
pounds of zine and magnesia. If zine be a protoxide, the black 
oxide of copper is also a protoxide, and the red oxide must be 
considered as a suboxide, Another character of some impor- 
tance, but subordinate to that of isomorphism, is afforded by the 
specific heat of the metal, Assuming zine to be a protoside, its 
equivalent number is 32°5, and its specific heat is found to be 
00955; the produet of these two numbers is 3°103, The specific 
heat of copper is crogs1, and assuming the black oxide to be the 
protoxide, its equivalent is 31°75; the product of these two num- 
bers is 3'01g, or nearly the same as in the case of sinc ; whereas, if 
the red oxide were assumed to be the protoxide, it would be double 
this namber.* 
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EQUIVALENTS OF THE SIMPLE wovres, 


An excellent illustration of the value of isomorphism in these 
is also afforded by the oxides of chrome. Until the publi- 





In these two compounds the proportion of oxygen com- 
with the equal weights of chromium wasas 1 : 2, or a 1} > 3. 


new oxide was found to contain one-third of the proportion of 
‘oxygen present in chromic acid. Tt also yielded salts isomorphous 


of iron did to that in the red oxide of iron, Peligot’s new oxide 
‘therefore was the missing protoxide of chromium. 


(894) Numerical data from which the Equivalents of the Ele- 
ments have been calculated. 

‘The following are the data upon which the equivalent numbers 
of the more important elementary bodies, given at page 17, have 
been determined -— 


= 100, it is 170°9. 
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found that 1co parts of chlorate of potash, when decomposed by 

heat, left 60°839 of chloride of potassium ; and 22°032 of pure silver 
required 15°216 of chloride of potaasium for its complete precipita- 
tion. 14°427 of chloride of potassium gaye 27°749 of chloride of 
silver, Berselius calculates from these results that the equivalent 
| ofchlorine is 35°45. Maumené, by heating chloride of silver in a 
current of hydrogen, found that. 100 parts of silver were united with 
92'856 of chlorine. The same chemist obtained from 100 parts 
of chlorate of potash 60°791 of chloride of potassium : and from 1¢0 
parts of chloride of potassium, he obtained by precipitation 192-75 
of chloride of silver. 

‘These experiments farnish data from which the equivalents of 
potassium and of silver may be determined, as well as that of 
chlorine, in the manner following :— 

‘The composition of chlorate of potash is ropresented by the 
formula KO, ClO, ; when heated it gives off the whole of its 6 equi- 
valents of oxygen. The equivalent of chloride of potassium therefore 
silo the cumeiyeiich S:comlanes Shin see eae 
oxygea. Now, taking Maumené@s reault that 39°209 parts of 
oxygen are combined in chlorate of potash with 60°791 of chloride 
of potassium, we have— 

39'209 + 48 :: 60'791: # (=74'4208, 1 eq. of KCI). 
TH fe party ot elie ct potassincy mentors 9278 Saat 
of silver, 1 equivalent or 74°4208 of chloride of potassium will 
furnish 1 equivalent of chloride of silver. Thus— 


100: 192°75 3 74'4208 : # (=143'445, 1 eq. of AgCl) ; 
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be 100, this would make the equivalent of gold 


“highest 1-co45. ‘The quantity of water collected in each of 
these experiments was considerable, varying from 230 to 1100 
Erdmann and Marchand repeated these experiments 


researches performed Jong previously upon a similar principle, 
though on a smaller scale, that the quantity of hydrogen united 
with $ parts of oxygen was o-9984, which coincides with the lowest 
number obtained by Dumas, It is obvious that no appreciable error 
| can be committed by assuming hydrogen to possess an equivalent 
| of r, that of oxygen being 8, or 1275, if oxygen be taken at 100. 

18. Jodine-—Marignac determined this equivalent by a process 
analogous to that which he employed for chlorine. The equiva- 
lent of iodide of potassium he fixed at 165°951; deducting from 
this 38944, the equivalent of potassium, we obtain 127 as the 
equivalent of iodine, or 1587°5- 

19. Tron.—Berzelius found that 1-586 grammes of pure iron 
converted first into nitrate, and then into sesquioxide by ignition, 
gave 2°265 of sesquioxide ; and Svanberg and Norlin, by reducing 

of iron in a current of hydrogen, obtained from 35°783 
of sesquioxide, 25'059 of metallic iron; making the equivalent of 
iron 28°04, or 350.5. Erdmann and Marchand, by the method 
last named, fixed the equivalent at 28001, and Maumené has also 
arrived at a similar result by the oxidation of iron by aqua regis, 
and precipitating the oxide by means of ammonia. 

20, Lead.—21'9425 grammes of oxide of lead were reduced 
by Berzelins in a current of hydrogen, and gave 20°3695 of me- 
tallic lend ; as 1 mean of five experiments, he determined the equi- 
valent of the metal at 1294645, or 103°57. This result has been 
confirmed by Murignac, 

a1. Magnesium.—tco parte of magnesia dissolved in pure sul- 
phuric acid and ignited, gave 293°985 of sulphate of magnesia ; 
hence the equivalent of magnesium would be 12°65, of 15814 
(Berzelius), 
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of 2 equivalents of gold, and asstming the equivalent of | 
to ‘ 














current of hydrogen, gave 4°957 of a mixture of platinam and 
chloride of potassium ; 2822 of this was platinum : hence the equi- 
yalent of platinum is 98°56, or 123308. 

30. Potassium.—Marignac’s experiments on the chlorate of 
potash, related when speaking of the equivalent of chlorine, 
gave the equivalent of potassium, 39'1 ; those of Maumené, 38-95, 
and those of Pelouze, 39°14. Tt may therefore be taken as 39. 

31. Silicon.—Berzelius found that 100 parts of silicon, when 
oxidized, yieliled 208 parts of silica, and he calculates the equiva- 
lent at 22'222. Pelouze states that a solution of 3'685 parts of 
silver in nitric acid precipitated 1-454 of chloride of silicon, whence 
the equivalent would be 21°36, or 267. In the present work, 
howerer, the equivalent has been tnken at two-thirds of this number, 
for reasons some of which are stated at page 611- 

32. Silver—This cquivalent has been repeatedly determined 
with very great care. Marignac, by precipitation of a known 
weight of silver from its solution in nitric acid, as chloride, esti- 
mates the equivalent as 107797; and the experiments of Pelouze 
and of Maumené agroe almost exactly with this result; 108, or 1350, 
may therefore be taken as the equivalent of silver. 

33. Sodium.—Beraclius found that 160 parts of chloride of 
sodium gave by precipitation 244°6 of chloride of silver; the equiva~ 
lent of sodium would therefore be 23:17. Pelouze found, as a 
mean of three experiments, that 1¢0 parts of silver required for pre 
cipitation 54°144 of chloride of sodium, whence the equivalent of 
sodium would be 22°97 or 287°37. It may be taken as 23, 

34. Sulphur—The equivalent of sulphur was estimated by 
Berzelius from the weight of sulphate of lead formed by oxidizing 
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(896) Gerhardt's Notation —M. " Gekints, secting 
assumption that the equivalents of all compound bodies 
volumes of vapour, Seite heed bs bodies tee 
numbers, and his example bas been followed by Dr. Williamson 
and some other chemists. The equivalents of oxygen, carbon, 
sulphur, selenium, and tellurium remain the same as those com- 
monly adopted ; he divides those of nearly all the other elements 
by two; or if the reduced equivalent af hydrogen be adopted ax 
the unit of comparison, the equivalent 
ofoxygen = 16 | of selenium = 79°23 


cit 


ofcarbon = = 12 of tellurium = 128'0 
of sulphur == 32 


the other numbers remaining unaltered. In the inorganic divi- 
‘sion of the science comparatively little advantage is gained by this 
organic 


formule employed. A few formule are subjoined for the purpose: 
of contrasting them with those in ordinary use — 








ADDITIONAL CORRECTIONS IN PART I, 


Page 17, 29 lines from the bottom, for 12°672, read 13°672. 
i ) 99 335% a 32°52. 
» 4 7 ” ay 1283187, 5, 17293187. 
my 5 TE gy 1 (95) a» (138). 
” th 4 ” 748, wy 3519. 

















” » 5 ” 1» 0°0882, vy 070108, 

oy TNR, Ig ” oy E751, wo 1957+ 

» BY 9 ” ny refraction, — reflection. 

» 163% 6 oy xxv, XX 

n» 168, 5 » top,» 9393) 1 9390. 

non Boy ” vy dele 9153+ 

a ” 99-9250, 9256. 

175) 1B gy 1 21060, »» 31860, 

222, 23 ” 1 0°8009, ny 0°8179- 

» «923, B top, vy 0'8721, vy» 0°8971. 

28, t4from bottomof thetable,, 44 [33% wy 77 | $7 

mow 1B ” w 47 [43 90 | 84, 

moon 18 ” TS | 69) ay B44 | 123 

on» 10 $5 i 1170 | 86,4, 19°6 | 19° 

oo» 9 a 110] 10°, 4, 210 | 19°8. 

tan Tah Tine of table 31275 | 205°, , 238 | 296-2. 

1» 257) In the table, place the figures 8°95 13°19 oppusite to arseniuretted hydrogen, 
instead of chlorine. 

4» 345) 20 lines from the bottom, for directly, read inversely. 

oy 349) TB gy noon piece of plate, ” boeken’ 

yo» Soon » 9 ee we 

» 365 9 top, 5y_:17°48, read 12°5. 


CORRECTIONS IN PART II. 


Page 452, 2 lines from the bottom, for 76°99 read 79'19, 





moe Fon 9 1919 a» 76°99. 

vy 463, 10 and 14 top nh vd. 

sy Fa Times from — yyy Bg as (in Both cases.) 

BITS yy bottom, IL, I. a 

» 5415 v9 €0212° Dut not higher, read but must be Rept 
below 212°, 

sas B18 Bay top, 5, 2 CaP +2 HO, 80,=2 (a0, 80,+2 HP, read 
2 CaP + 2(HO,80,) = 2(Ca0,80,) +2 HF. 

n» 652, 315 ” bottom, ,, peroxide, read subscri 

» 7231S on ty yy After these Bodies were found, add in other 
respecte, 

» 7718 ow top, 4 for opague, read oblique. 


79%) 10 » vy ST'TT, Feed 56°52. 


Page 809, 19 lines from the top, _for 2Mg0, Bi 





', +2 MgO, 3510, read 2(Mg0, Bi0,) 





+2 MgO, 3810, 

826,13 ow 1» 9» {AL0q, PO,) +529, read 2 ALO, PO, 5 09. 
827, 8 ow ” 1» TAL0y 38i0, +424, read Al,0,2 810, 2 29. 
By, 16g, Bottom, ,, an acid chloride, read a hydrated chloride. 
857, 4 on vy oon 141, Tend xi, 

868,10, top, protexalate, read peraxalate. 

a bottom, 4, 00, read 0”. 

ee EE i 19s After grain of, add metallic irom present inthe 

form of. 

» 94 2 on way $6, read 54. 

947 By top, 4p exhausted, read exeluded. 

» 99% 5 » » vy wulphide, read sulphate, 

mn 1020, 16 ” wy dele to. 


Nors.—Since the ph on teroxide of hydrogen (p. 626) was 

sated, Dre Androwe fas ‘ompuaneated a paper of Oreee 4 the Royah 
Bociety, in which he shows that the compound evolved during electrolyais ix 
not (as Baumert supposed) a compound of hydrogen, but that it is oxygen in 
the active state, possessing properties identical with those exhibited by 
loctrified oxygen, vide p. 448. 








